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ABSTRACT
A commercial mineral mixture fo r  deer was used to eva lua te  the  
e f f e c t s  of broad-spectrum d ie t a r y  mineral supplementation on 
w h i t e - t a i l e d  deer ( Odocoileus v i r o i n i a n u s ) growth, a n t l e r  development, 
and t i s s u e  mineral c o n te n t .  Forty-two a r t i f i c i a l  mineral l i c k s  fo r  
deer were e s ta b l i s h e d  on 3 study a reas  in East F e l i c i a n a  P a r ish ,  
Louis iana.  All l i c k s  were monitored monthly, recharged to o r ig in a l  
level  i f  used,  and mineral consumption recorded from May 198B through 
December 1989. Consumption da ta  were converted to es t imated average 
per deer values  based on popu la t ion  e s t im a te s .
E f f e c t s  of a r t i f i c i a l  l i c k  mineral consumption on f ree - rang ing  
deer were examined by comparing deer harvested  dur ing the 1988-89 and 
19B9-90 hunting seasons from a reas  on which l i c k s  had been e s ta b l i sh e d  
to deer from s im i la r  a re a s  with no a r t i f i c i a l  l i c k s .  Two r a t i o n s  were 
formulated to a s se s s  the  e f f e c t s  of broad-spectrum mineral 
supplementation on growth and a n t l e r  development of  cap t ive  deer ;  a 
t reatment  r a t i o n  con ta in ing  3% commercial mineral by weight,  and a 
con tro l  r a t i o n  s im i la r  in a l l  r e s p e c t s  but lacking mineral 
supplementation. Rat ions were fed in 8 feed t r i a l s  to cap t ive  adul t  
bucks <n = 31) and young deer (n = 34) .
Consumption of mineral  mixture from a r t i f i c i a l  l i c k s  averaged 
47.22 ± 5.65 kg monthly among study a r e a s ,  was influenced by month of
the  year and s tudy a rea ,  and d i f f e r e d  among seasons.  Estimated 
monthly mineral consumption over the  study period averaged 538.0 ± 
70.8 g per deer among study a re a s .  No d i f f e r e n c e s  in growth, body 
weight,  a n t l e r  development; or t i s s u e  water ,  l i p i d ,  or mineral 
(calcium, phosphorus, su lphur ,  magnesium, sodium, copper,  potassium, 
z inc ,  c o b a l t ,  aluminum, manganese, i ron)  concen t ra t ions  r e l a t e d  to 
supplemental mineral consumption were found for  f ree - ran g in g  deer or 
c ap t iv e  deer .  Composition of  metacarpals  and phalanges from harvested 
f ree - ran g in g  deer d i f f e r e d  p r im ar i ly  due to deer age. Composition of 
l i v e r s  from harvested  f ree - rang ing  deer d i f f e r e d  p r im ar i ly  due to the 
sex of  deer .
xvi  i
INTRODUCTION
W hite - ta i led  deer* (Odocoileus v i r a i n i a n u s ) a re  the most hunted 
big game animals in  North America (U.S. Dep. Agric.  For .  Serv.
1981:1SS). Williamson and Doster (1981) es t imated the annual flow of 
values  from w h i t e - t a i l e d  deer in the  United S t a t e s  (U.S.) to be 
approximately $8.8 b i l l i o n ,  and the c a p i t a l i z e d  value to be about 
$87.3 b i l l i o n .  Deer popula t ions  in the  southern U.S. (South) 
increased an es t imated  96'/. (about 8 .6  m i l l ion  animals) from 1960 to 
1980, and deer harvested  in the South increased about 880'/. from 1965 
to 1985 (F la ther  and Hoekstra 1989:88,31).
Fee-hunting for  w h i t e - t a i l e d  deer and o ther  game on p r iv a t e  land 
i s  increasing  in  the U.S. F la the r  and Hoekstra (1989:167) p ro jec ted  
t h a t  SO'/, of a l l  hun ters  in the  U.S. may be p a r t i c i p a t i n g  in 
fee-hunt ing  by the  year 80^0. Income from fee-hunt ing  provides 
economic b e n e f i t s  tD landowners,  and may provide the  impetus for  
landowners to conserve w i l d l i f e  h a b i t a t s  through non-conversion to
^Sc ien t i f ic  nomenclature of  animals i s  from Chapman and Feldhamer 
(1988), except fo r  Meleaoris  gallopavo (Bull and Farrand 1977). 
S c i e n t i f i c  nomenclature of  p l a n t s  i s  from Radford e t  a l .  (1968) 
except  for  A ra l ia  spinosa ( L i t t l e  1980).
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other  uses .  H un t ing-re la ted  expendi tu res  fo r  t r a v e l ,  food, and 
lodging a re  important to many local  economies, and the supply of  
hunting equipment and r e l a t e d  p a rap h e rn a l ia  i s  big b u s in ess .  Big game 
hunters  were repo r ted  to account fo r  60*/. of a l l  h u n t in g - re la ted  
expendi tures  in 1985 (F la th e r  and Hoekstra 1989:88).
W hi te - ta i led  deer and o ther  sp e c ie s  of  w i l d l i f e  have important 
c u l t u r a l ,  s o c i e t a l ,  p sycho log ica l ,  p h y s io lo g ic a l ,  and s c i e n t i f i c  
values  in add i t io n  to r e c r e a t io n a l  and economic values  (F la the r  and 
Hoekstra 1989). Nonconsumptive use of w i l d l i f e  i s  an important and 
increas ing ly  emphasized r e c re a t io n a l  p r a c t i c e .  W hi te - ta i led  deer in 
the  South a re  faced with a dwindling h a b i t a t  base and increasing  
p re ssu re  from consumptive and nonconsumptive u se rs .
Causey (1964), Short e t  a l .  (1969), Baumann (1974), Crawford 
(1984) and o th e r s  suggested th a t  deer foods in southern and 
m id d le - l a t i tu d e  upland f o r e s t s  of the  U.S. a re  o f ten  d e f i c i e n t  in 
n u t r i e n t s  requ ired  fo r  maximum deer growth. Many products  a re  
o f fered  for  s a le  to landowners and sportsmen for  use in  a t t r a c t i n g  and 
supplementing the  n u t r i t i o n  of  w h i t e - t a i l e d  deer .  Among these  
products  i s  a v a r i e ty  of mineral supplement formulas designed to 
func t ion  as  a r t i f i c i a l  mineral l i c k s  fo r  dee r .  The purpose of  t h i s  
study was to u t i l i z e  1 brand of deer mineral supplement to a sse s s  i t s  
consumption by f ree - ra n g in g  w h i t e - t a i l e d  deer and to i n v e s t ig a t e  any 
b e n e f i t s  deer may de r iv e  from i t s  use.
LITERATURE REVIEW
W hite - ta i led  deer in the upland f o r e s t s  of the  South tend to  be 
smal ler  than same-age deer in  a re a s  t h a t  provide a more n u t r i t i o u s  
d i e t  throughout the  year (Short e t  a l .  1969). Ant ler  development i s  
r e l a t e d  to  g e n e t i c s ,  n u t r i t i o n ,  h e a l th ,  and age. The express ion  of 
maximum phenotypic a n t l e r  development i s  dependant upon a d i e t  th a t  
meets n u t r i t i o n a l  needs (French e t  a l .  1955, Long e t  a l .  1959, Short 
e t  a l .  1969, Rei tz  1981, Ullrey  1982). N u t r i t io n a l  s t r e s s  may cause 
decreased p ro d u c t iv i ty  in  does (Verme 1963, Verme 1969), fawn losses  
(Murphy and Coates 1966, Verme 1967, Short e t  a l .  1969), reduced 
r e s i s t a n c e  to o ther  d e b i l i t a t i n g  f a c t o r s  (Short e t  a l .  1969), and 
d i sea se  or dea th .
Mineral Requirements and A v a i l a b i l i t i e s
Jones and Hanson (1985) examined the r e l a t i o n s h i p  between s o i l  
f e r t i l i t y  and s e le c te d  parameters  of  w h i t e - t a i l e d  deer in North 
America. They repo r ted  th a t  n a t iv e  s o i l  f e r t i l i t y  (and r e l a t e d  d i e t  
q u a l i t y )  was r e l a t e d  to w h i t e - t a i l e d  deer body weight,  f e r t i l i t y ,  and 
a n t l e r  development.  There i s  a pauc i ty  of  information regard ing  the  
mineral requirements  of deer (Robbins 1983:32, Jones and Hanson
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1963:55).  I n t e r r e l a t i o n s h i p s  of  d i e t a r y  n u t r i e n t s ,  including  minerals  
(Ammerman and Henry 1983, Puls  1988:19), complicates  a t tem pts  to 
d esc r ibe  the mineral s t a t u s  of deer po p u la t io n s .  Livestock 
n u t r i t i o n i s t s  recognize t h a t  mineral requirements  may be g r e a t ly  
influenced by environmental cond i t ions  and an an im a l ' s  age ( s tage  of 
development),  rep roduc t ive  s t a t u s ,  l a c t a t i o n a l  s t a t u s ,  and general 
h ea l th  (Underwood 1981).
The sc ience  of  animal mineral n u t r i t i o n  i s  a r e l a t i v e l y  new f i e l d  
of  s tudy .  In the  e a r ly  1900's  i t  was be l ieved  th a t  sodium c h lo r ide  
(NaCl), calcium (Ca),  phosphorus (P),  and i ron  (Fe) were important in 
animal n u t r i t i o n  (Ensminger and Olent ine  1978:52).  Much research  has 
s in ce  been conducted on the  mineral requirements  of  domestic animals ,  
but knowledge in wild animal mineral n u t r i t i o n  i s  s t i l l  on a bas ic  
l e v e l .
Underwood (1981:1) l i s t e d  52 mineral elements  apparen t ly  required  
by animals.  Ca, P, potassium (K), sodium (Na) , c h lo r in e  (C l ) ,  
magnesium (Mg), and s u l f u r  (S) a re  the  e s s e n t i a l  macronutr ient  
m inera ls .  Fe, iodine  ( I ) ,  zinc (Zn), copper (Cu), manganese (Mn), 
co b a l t  (Co), molybdenum (Mo), selenium (Se) ,  chromium (Cr),  t i n  (Sn),  
vanadium (V), f l o u r i n e  <F), s i l i c o n  ( S i ) ,  n icke l  (Ni) ,  and a rsen ic  
(As) a re  m ic ronu t r ien t  ( t r a c e )  minera ls  apparen t ly  requ i red  by 
animals.  Underwood (1981:1) s t a t e d  t h a t  requirements  fo r  Sn, V, F,
S i ,  N i , and As were demonstrated under c o n t ro l l e d  c o n d i t io n s ,  and as 
such t h e i r  importance in p r a c t i c a l  animal n u t r i t i o n  was ques t ionab le .  
Ca and P have rece ived  the  m ajor i ty  of  q u a n t i t a t i v e  d e s c r i p t i o n  with 
r e sp e c t  to deer mineral n u t r i t i o n  (Magruder e t  a l .  1957, McEwen e t  a l .
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1957, Ull rey  e t  a l .  1973, Ullrey  e t  a l .  1975, Reitz  1981, Robbins 
1983). Deer requirements  fo r  o ther  m inera ls  a re  o f te n  es timated  from 
v a lues  reported  fo r  l iv e s to c k  (Table 1).
Calcium and Phosphorus
Ca and P a re  t r e a t e d  together  in most cases  because of  t h e i r  
in terdependent  na tu re .  More than 70’/. o f  body minera l,  and over 90*/. of 
bone mineral i s  Ca and P (Morrison 1961:63, Kamstra 1975:95).
About 99*/. of body Ca and 80’/. o f  body P a re  found in the  bones and 
t e e th  of  animals (Underwood 1981:33),  and bone ash i s  normally between 
32-34*/. Ca and 16-17’/. P (Fontenot and Church 1979). Robbins (1983:33) 
r epor ted  t h a t  ce rv id  a n t l e r s  a re  composed of  about 22’/. Ca and 11*/. P. 
U l l rey  (1982) found w h i t e - t a i l e d  deer a n t l e r  ash to con ta in  between 
40.0-41.1% Ca and 18.3-18.6'/. P, and es t im ated  t h a t  a n t l e r  development 
in adu l t  w h i t e - t a i l e d  bucks from April  through September requ ired  an 
average net accumulation of  approximately 0 .5 -1 .0  g of Ca and 0 .25-0 .5  
g of P per day.
The suggested Ca:P r a t i o  of  f e e d s t u f f s  i s  1:1 to  2:1 (Kamstra 
1975:95, Ensminger and Olen t ine  1978:94). Rat ios  from i s l  to 7:1 are  
accep tab le  fo r  ruminants ,  but r a t i o s  below 1:1 should be avoided 
(Ensminger and Olent ine  1978:102).  The absorp t ion  and u t i l i z a t i o n  of 
Ca and P by animals i s  p a r t i c u l a r l y  r e l a t e d  to vitamin D supply.
P i s  an e s s e n t i a l  component of the  w h i t e - t a i l e d  deer ske le ton ,  
i n t r a c e l l u l a r  f l u i d ,  and body compounds and i s  necessary  in the 
production of muscle energy (Dietz 1965). A def ic iency  of d i e t a r y  P 
i s  quickly r e f l e c t e d  in  reduced performance (Mil ler  1983a).
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Table 1. Dietary mineral requirements  of  sheep and growing and 
f in i s h in g  c a t t l e 1 .
Mineral Sheep
Growing and 
f in i s h in g  c a t t l e
Macrominerals ( ’/. dry mat ter) <’/. dry matter)
Phosphorus <P) 0.16 -  0.37 0.18 -  0.70
Calcium (Ca) 0.21 -  0.5E 0.18 -  1.04
Sodium (Na> 0.04 -  0.10 0.06
Magnesium (Mg) 0.04 -  0.08 0.04 -  0.10
Potassium (K) 0.50 0.60 -  0.80
Sulfur  (S) 0.14 -  0.26 0.10
Microminerals (ppm) (ppm)
Iron (Fe) 30 -  50 10
Zinc (Zn) 35 -  50 20 -  30
Manganese (Mn) 0 ■3-1OCU 1 -  10
Copper (Cu) 5 4
Molybdenum (Mo) > 0 .5 -
Iodine (I) 0.10 -  0.80 -
Cobalt  (Co) 0.10 0.05 -  0.10
Selenium (Se) 0.10 0.10
W e n  (1981).
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Inappetence in P d e f i c i e n t  animals was repor ted  by Underwood 
<1981: 3 5 ) . M il ler  (1983a) s t a t e d  t h a t  a P de f ic iency  may produce 
reduced l a c t a t i o n ,  bone abnorm al i t ie s ,  i r r e g u la r  or suppressed 
e s t ro u s  c y c le s ,  and a reduced conception r a t e .
Davis and Johnson (198*0 concluded th a t  a v a i l a b le  evidence was 
i n s u f f i c i e n t  to  e s t a b l i s h  a d i e t a ry  P level  below which w h i t e - t a i l e d  
deer growth or reproduct ion  was adversely  a f f e c t e d .  McEwen e t  a l .  
(1957) found th a t  deer did not surv ive  on d i e t s  d e f i c i e n t  in  P and Ca. 
Reitz  (1981, c i t e d  by Davis and Johnson, 1984) repor ted  t h a t  y ea r l ing  
bucks on a r a t i o n  con ta in ing  0.28 -  0.40% P exh ib i ted  s i g n i f i c a n t l y  
g r e a te r  a n t l e r  development than bucks fed a r a t i o n  con ta in ing  0.16 -  
0.22'/. P, but no d i f f e r e n c e  in weight gain  was noted.  Meaned fawns did 
not r eq u i re  more than 0.26% d ie ta ry  P fo r  maximum growth when th e i r  
d i e t  contained  0.46 -  0.51% Ca (Ullrey e t  a l .  1975).
A de f ic iency  of  d i e t a r y  P i s  the  most p reva len t  mineral 
def ic iency  of  c a t t l e  and sheep in the U.S. (Mil ler  1983a), and P i s  
the  mineral most o f te n  d e f i c i e n t  in n a t iv e  forage used by c a t t l e  in 
the  sou theas te rn  U.S. (S o u th ea s t ) ( U.S. Dep. Agric.  For.  Serv. 1980). 
R e s t r i c ted  d i e t a r y  P appears to be an important f a c to r  l im i t in g  
development and f e r t i l i t y  of  w h i t e - t a i l e d  deer ,  and deer ca r ry ing  
cap ac i ty ,  in  the  Southeast  (Lay 1957, B la i r  e t  a l .  1977, Jones and 
Hanson 1985:55).  Food p la n t s  a v a i l a b le  in upland pine-hardwood 
h a b i t a t s  of  the  Southeast  con ta in  s u f f i c i e n t  p ro te in  and P fo r  good 
deer growth only dur ing e a r ly  spring  (Campbell e t  a l .  1954, Lay 1956, 
B la i r  and Hal ls  1967, Short e t  a l .  1969, E v e r i t t  and Gonzalez 1981, 
Pearson e t  a l .  1982, T h i l l  and Morris 1903, S t e ig l e r  1988:36-38).
e
Ca i s  an important component of  blood and i s  e s s e n t i a l  in the 
s k e l e t a l  development of w h i t e - t a i l e d  deer (Dietz 1965). Mil ler  
( 1983b) s t a t e d  t h a t  a marginal Ca d e f ic iency  does not produce the 
immediate e f f e c t s  on performance th a t  a marginal P de f ic ien cy  does. 
Growth, pregnancy, l a c t a t i o n ,  and a n t l e r  development inc rease  d ie t a ry  
Ca requirements  (Robbins 1983:33, Jones and Hanson 1985:56).  Bone 
se rves  as  a re se rv e  source fo r  Ca during times when d i e t a r y  supply 
does not meet p hys io log ica l  needs (Mil ler  1983b, Jones and Hanson 
1985:56).
Weaned fawns r e q u i re  a d i e t  con ta in ing  a t  l e a s t  0.407' Ca for  
maximum growth, but  a re  ab le  to t o l e r a t e  a wide range of  d i e t a r y  Ca 
without  being adverse ly  a f fe c te d  (Ullrey e t  a l . 1973). Mature deer 
need 0.E5 -  0.307. d i e t a r y  Ca fo r  maintenance and 0.647. fo r  maximum 
growth (Magruder e t  a l .  1957). McEwen e t  a l .  (1957) found a 
r e l a t i o n s h i p  between d i e t a r y  Ca and P such th a t  a low amount of one 
but an adequate amount o f  the  other was well t o l e r a te d  by deer .
Ullrey  (1982) repor ted  t h a t  w h i t e - t a i l e d  deer d i e t s  d e f i c i e n t  in Ca 
were assoc ia ted  with low a n t l e r  ash, and th a t  d i e t a r y  Ca and P 
concen t ra t ions  (dry weight bas is )  of 0.457. and 0.307., r e s p e c t iv e ly ,  
were adequate to support  normal a n t l e r  development.  Ca l e v e l s  of 
fo rage  in the Southeast a r e  lowest during winter  (Campbell e t  a l .  
1954), but d i e t a r y  Ca does not appear to  l im i t  deer growth or 
reproduc t ion  during any season (B la i r  and Epps 1969, Underwood 
1981:32, Pearson e t  a l .  1982, Jones and Hanson 19B5:56).
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Sodium. Potassium, and Chlorine
Na, K, and Cl a re  important in nerve impulse t ransm iss ion ,  
osmotic p ressu re  r e g u la t io n ,  ac id -base  balance,  and muscle co n t r ac t io n  
(Ensminger and Olent ine  1978:99, Underwood 1981:59, Robbins 1983:41).  
D ef ic ien c ie s  of  K and Cl have been observed only in labora to ry  
animals,  and these  n u t r i e n t s  a re  not considered c ru c ia l  with re spec t  
to p r a c t i c a l  animal n u t r i t i o n  (Kamstra 1975:92,100; Lloyd e t  al  
1978:243; Underwood 1981:59; Puls  1988:55).  Kamstra (1975:92) s t a t e d  
t h a t  al though requirements  fo r  Na and Cl a re  s i m i l a r , a def ic iency  of  
d i e t a r y  Na i s  more l i k e l y .  Excessive d i e t a r y  K in take  may i n t e r f e r e  
with Mg absorp t ion  in ruminants and p o ss ib ly  lead to hypomagnesemia 
(Underwood 1981:54, Conrad 1983, Puls  1988:132).
P lan t  foods a re  o f te n  d e f i c i e n t  in Na (Kamstra 1975:92, Lloyd e t  
a l .  1978:243, Underwood 1981:60). Na i s  one of  the l e a s t  s t a b l e  
minera ls  in f o r e s t  biogeochemical cyc les  (Belovsky and Jordan 1981), 
and p l a n t s  o ther  than ha lophy l ic  spec ies  absorb only small amounts of 
the  Na p resen t  in s o i I s  (Stockstad e t  a l . 1953). Belovsky and Jordan 
(1981) theor ized  th a t  Na was a 1imit ing  n u t r i e n t  of moose ( ftlces 
a l c e s ) in nor thern  ecosystems.
P le tsch e r  (1987) es t imated  an annual Na requirement of 150.0 g 
fo r  female and 69.9 g fo r  male 2 . 5-year—old w h i t e - t a i l e d  d e e r .
Captive deer in Arizona used about 45.3  g (0.1 lb) of  s a l t  per deer 
monthly during summer and about 22.6  g (0.05 lb) per deer monthly 
during winter  (Nichol 1938:29). Weeks and K irkpa tr ick  <1976) 
es t imated th a t  monthly Na in tak e  by deer in Indiana ranged from a low 
of  35 ppm in September to a high of 103 ppm in February. Nichol
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(1938) suggested t h a t  a d i e t  high in  legumes tended to increase  deer 
s a l t  consumption.
Magnesium
About 60 -  70*/. of body Mg i s  bound with P in the  ske le ton  
(Kamstra 1975s101, Lloyd e t  a l . 1978:239, Underwood 1981:49).  Mg i s  
a lso  involved in  carbohydrate  and l i p i d  metabolism, requ ired  for  
c e l l u l a r  o x id a t io n ,  and important in  neuromuscular a c t i v i t y  (Kamstra 
1975:101, Underwood 1981:49).  Jones and Hanson (1985:61) found no 
published s tu d i e s  regard ing  the  d i e t a r y  Mg requirement  of  w h i t e - ta i l e d  
deer or any o ther  f r e e - ran g in g  ungu la te .  A reduced serum Mg level  may 
r e s u l t  in g ra ss  te tany  in c a t t l e  (Underwood 1981:49, Puls  1988:132).  
This d isea se  commonly occurs  when c a t t l e  a re  put on spring  g rass  
p a s tu re s ,  and appears  to be r e l a t e d  to high forage K content  (Lloyd e t  
a l  197B:240, Underwood 19B1:54, Jones and Hanson 1985:193, Puls 
1988:132).
Iron
About 70'/. of  body Fe i s  loca ted  in  blood hemoglobin (Kamstra 
1975:103),  and Fe r e p re s e n t s  about 34'/. of  hemoglobin composition 
(Underwood 1981:69). Remaining body Fe i s  s to red  in the l i v e r ,  
sp leen ,  kidney, and bone marrow (Lloyd e t  a l .  1978:250, Underwood 
1981:69).  Anemia i s  the  most recognized symptom of a d i e t a r y  Fe 
d e f ic ien cy .  N u t r i t io n a l  anemia i s  most l i k e ly  to occur in unweaned 
animals due to  the  r e l a t i v e l y  low Fe content  of milk (Lloyd e t  a l .  
1978:251).  Underwood (1981:70) r epo r ted  t h a t  Fe def ic iency  has yet  to
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be uneq u iv ica l ly  demonstrated in grazing animals,  and Fe i s  of l i t t l e  
p r a c t i c a l  concern in  farm animals o ther  than nursing p ig s .
Cobalt
Co i s  an e s s e n t i a l  component of  v itamin Bjg and i s  necessary  in 
th e  d i e t  of  ruminant animals fo r  m icro f lo ra  s y n th e s i s  of  t h i s  vitamin 
(Kamstra 1975:106, Lloyd e t  a l .  1978:262, Underwood 1981:113). Co 
d e f i c i e n c i e s  a r e  found re g io n a l ly  in many co u n t r ie s  and are  r e l a t e d  to 
s o i l  Co c o n cen t ra t io n s  (Kamstra 1975:106, Lloyd e t  a l . 1978:262).  
Legumes take up and s t o r e  more s o i l  Co than  do nonlegumes (Kamstra 
1975:107).
Cooper
Cu i s  an i n t e g r a l  component of  hemoglobin and i s  a l so  found in 
the  l i v e r ,  b r a in ,  bone marrow, sp leen ,  h e a r t ,  and kidney (Kamstra 
1975:105, Lloyd e t  a l .  1978:253).  Kamstra (1975:105) c i t e d  F lo r id a  as 
the  only U.S. s t a t e  where Cu d e f i c i e n c i e s  had been r e p o r t e d .  Growing 
animals,  and females during g e s ta t io n  or l a c t a t i o n ,  have the  h ighes t  
Cu requirements  (Kincaid 1983). Kincaid (1983) s t a t e d  t h a t  f e t a l  
r e so rp t io n  may occur in female mammals on d i e t s  d e f i c i e n t  in Cu.
Manganese
Mn i s  found in bone, l i v e r ,  muscle,  r ep roduc t ive  organs,  and sk in  
(Kamstra 1975:110, Lloyd e t  a l .  1978:248).  Dietary Mn d e f i c i e n c i e s  
may r e s u l t  in  inappetence,  r e ta rd ed  growth, impaired s k e l e t a l  
development, i n e f f i c i e n t  carbohydrate  and l i p i d  metabolism, and
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reproduc t ive  d i so rd e r s  (Lloyd e t  el  1978:249, Underwood 1981:126, Cook 
and Crenshaw 1983, DeCrane 1983). Mn d e f i c i e n c i e s  in the  d i e t  of  male 
animals may cause s t e r i l i t y  and t e s t i c u l a r  degenerat ion  (DeCrane 
1983). D ef ic ienc ies  in females may produce suppressed e s t r u s ,  reduced 
conception r a t e s ,  increased incidence of  ab o r t io n s ,  delayed ovu la t ion ,  
and young with low b i r t h  weights (Cook and Crenshaw 1983). DeCrane 
(1983) c i t e d  evidence th a t  Mn plays  an important r o le  in milk 
product ion.  Most forages  and p as tu re s  supply well above the  d i e t a ry  
Mn requirements  of grazing animals ,  but  a wide range of v eg e ta t iv e  Mn 
concen t ra t ions  e x i s t  (Kamstra 1975:111, Underwood 1981:130).
Zinc
Zn i s  found throughout  body t i s s u e s  and i s  concentra ted  in l i v e r ,  
muscle,  bone, male sex organs, sk in ,  and blood (Kamstra 1975:111,
Lloyd e t  a l .  1978:259).  Zn i s  important in many enzyme systems, a 
component of i n s u l in ,  and e s s e n t i a l  in DNA sy n th es i s  (Lloyd e t  al  
1978:259).  Dietary  d e f i c i e n c i e s  of  Zn may r e s u l t  in poor growth, 
reduced a p p e t i t e ,  and impaired reproduct ion  (Kamstra 1975:111, Lloyd 
e t  a l .  1978:259, Underwood 1981:135).  Lloyd e t  a l .  (1978:259) s ta t e d  
t h a t  Zn d e f i c i e n c i e s  were r a r e  under normal co n d i t io n s ,  but Underwood 
(1981:136) repo r ted  th a t  marginal Zn d e f i c i e n c i e s  in sheep and c a t t l e  
a re  more widespread than prev ious ly  be l ieved .
Selenium
Se has h i s t o r i c a l l y  been considered with re spec t  to t o x i c i t y  and 
not d e f ic ien c y .  Blind s tagge rs  and a l k a l i  d i sea se  are  2
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n a tu ra l ly -o cc u r in g  d i se a se s  of  l iv e s to ck  a s so c ia ted  with tox ic  d ie t a ry  
Se l e v e l s  (Kamstra 1975:114, Underwood 1981:149). Se i s  necessary for  
growth and f e r t i l i t y ,  and i s  n u t r i t i o n a l l y  i n t e r r e l a t e d  with vitamin E 
(Lloyd e t  a l  1978:263, Underwood 1981:1^9). Perry  (1983) reported  
t h a t  supplemental Se in sheep d i e t s  helped c o r re c t  poor reproduct ive  
performance, increased lambing percen tage ,  c o n t ro l l e d  white muscle 
d isea se  in ewes, and decreased the incidence of r e t a in e d  p lacen ta s .  
Vegetat ive Se content  v a r i e s  widely and i s  dependant upon s o i l  Se 
concen t ra t ions  (Underwood 1981:159).  Puls  (1988:187) s ta t e d  th a t  deer 
appear ab le  to t o l e r a t e  low le v e l s  of  d i e t a r y  Se without e f f e c t ,  and 
Brady e t  a l .  (1978) suggested th a t  d i e t a r y  Se l e v e l s  of  0 .2  ppm were 
probably adequate fo r  deer .
Iodine
I i s  located mainly in the  thyro id  gland and i s  a l so  a component 
of  muscle t i s s u e ,  o v a r i e s ,  and p a r t s  of  the eye (Lloyd e t  a l .
1978:256).  Areas d e f i c i e n t  in  I a re  loca ted  on a l l  c o n t in e n t s ,  and I 
d e f ic iency  i s  one of  the most widespread of mineral d e f i c i e n c i e s  
(Kamstra 1975:108, Underwood 1981:79).  Goi t re  (an enlarged thyro id  
gland) i s  the most prominent symptom of  an I d e f ic ie n c y .  Diets  
d e f i c i e n t  in I may lead to reduced metabolic r a t e  and slow growth, 
reproduc t ive  f a i l u r e ,  suppressed e s t r u s ,  a b o r t io n s ,  s t i l l b i r t h s ,  
reduced milk y i e ld ,  and extended g e s t a t i o n  pe r iods  (Kamstra 1975:108, 
Puls  1988:97).
M in e r a l  L ic k s  and S a l t i n g
Moen (1981) def ined  mineral l i c k s  (commonly r e f e r r e d  to a s  " s a l t  
l i c k s " ,  or simply "1icks" ) as  "moist a reas  or pools  with an apparent ly  
higher  co ncen t ra t ion  of minera ls  than u s u a l ." Mineral l i c k s  need not 
be a s soc ia ted  with water to be used by deer or o ther  animals.  Mineral 
1icks  have long been recognized as  a reas  to which wild animals,  
p a r t i c u l a r l y  ungu la tes ,  a r e  a t t r a c t e d . Jones and Hanson (1985:25) 
reported  t h a t  a l l  ruminant spec ies  in North America use 1ic k s .  There 
i s  evidence th a t  n a t iv e  North American Indians knew of the  a t t r a c t i n g  
na tu re  of 1icks  and used t h i s  knowledge to f a c i 1i t a t e  hunt ing (Dixon 
1939).
Early North American b i o l o g i s t s  and n a t u r a l i s t s  surmised th a t  
l i c k s  were areas  to which animals came to meet a phys io log ica l  need 
fo r  Na. Jones and Hanson (1985:188) concluded th a t  the  minera ls  
sought by ungula tes  from n a t u r a l ly  occurr ing  l i c k s  in e a s t e rn  North 
America were Na and Mg, and those sought in western North America were 
Na and Ca. They theo r ized  th a t  the  use of  Mg-rich or Na-rich 1icks 
helped herb ivores  to prevent  p o t e n t i a l  te tany  s i t u a t i o n s  a s soc ia ted  
with the  consumption of  sp r ing  vege ta t ion  high in K. Stockstad e t  a l . 
(1953) used var ious  minerals  and mineral combinations in mineral 
c a f e t e r i a s  and s o i 1 impregnation t e s t s  to determine which minera ls  
were a t t r a c t i v e  to n a t iv e  ungu la tes  in Montana. They coneluded th a t  
Na was the  major element sought by big game ruminants .  Physio logica l  
mineral imbalances and subsequent increased l ick  use a re  1ike ly  to 
occur on most ranges  during spring  and e a r ly  summer when new
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v eg e ta t ion  con ta in s  r e l a t i v e l y  higher  percentages  of water and K 
(DaIke e t  a l . 1965, Dasmann 1971:54, Hebert and Cowan 1971, Meeks and 
K irkpa tr ick  1976, Meeks 1978, Skovlin 1982, Johes and Hanson 1985:18).
Reindeer ( Rang i f e r  t a r a n d u s ) herders  in S ib e r i a  r e g u l a r l y  feed 
NaCl to t h e i r  herds to prevent  " s a l t  hunger" (Staaland e t  a l .  1980). 
Cattlemen o f te n  provide NaCl and other  mineral supplements to herds ,  
and Dalke e t  a l .  (1965) repor ted  t h a t  s a l t  provided fo r  c a t t l e  i s  
o f te n  used by wild ruminants .  Jones and Hanson (1985:31) found tha t  
l ick  use by l ives tock  i s  b e n e f i c i a l  to ruminal m icro f lo ra  by 
increas ing  rumen pH.
NaCl i s  a condiment as  well as  a source  of  Na and Cl fo r  man and 
o ther  animals.  Underwood (1981:30) s t a t e d  t h a t  an a p p e t i t e  fo r  
p a r t i c u l a r  minera ls  i s  not  a r e l i a b l e  measure of  an an im a l '& need. 
Dasmann (1971:54) and Skovlin (1982) suggested th a t  s a l t  use by 
animals may be p r im ar i ly  an acquired t a s t e  and habit-formed b ehav io r . 
Knight and liudge (1967) f e l t  t h a t  l i c k s  in Sun R ive r , Montana were 
used s o c i a l l y  as  ga ther ing  p laces  fo r  ruminants as  well as  fo r  mineral 
procurement.
The a t t r a c t i n g  n a tu re  of  NaCl can be usefu l  in w i l d l i f e  
management whether or not Na i s  a l im i t in g  n u t r i e n t  in  s p e c i f i c  
lo c a le s .  The f i r s t  s a l t i n g  program fo r  big game in  the  U.S. began in 
1921 in Idaho (Dalke e t  a l .  1969). Skovlin (1982) repor ted  t h a t  s a l t  
was one of the few good a t t r a c t a n t s  to induce lo ca l ized  fo rage  use by 
elk  (Cervus e laphus) . M a t t f i e ld  e t  a l . (1972) found rock NaCl was a 
good b a i t  fo r  use in cap tu r ing  w h i t e - t a i l e d  d e e r . NaCl i s  p a l a t a b l e  
and a t t r a c t i v e  to most animals and can be used as  a c a r r i e r  fo r  the
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in g es t io n  of o ther  elements  requ i red  by animals (Underwood 1981:14).  
Many landowners and hun te rs  provide NaCl or mineral s a l t  mixtures  for  
f ree - ran g in g  deer p r im a r i ly  as an a t t r a c t a n t .  The NaCl in mineral 
mixtures  fu n c t io n s  as  an a t t r a c t a n t  to induce t a r g e t  animals  to 
consume the mixture as  well  as fo r  meeting phys io log ica l  demands for  
Na and Cl.  However, c a re  should be exe rc ised  when supplying mineral 
supplements to animals .  Underwood (1981:89) s t r e s s e d  th a t  mineral 
supplements should be used only when the  mineral requirements  of 
animals cannot be met with a v a i l a b l e  foods.  Reduced abso rp t ion  of 
some minera ls  may r e s u l t  from an overabundance of o ther  minera ls  in an 
a n im a l ' s  d i e t  (Ensminger and Olent ine  1978, Lloyd e t  a l .  1978, 
Underwood 1981, Puls  1983).
PROCEDURE
Two d i s t i n c t  approaches were incorporated in to  t h i s  s tudy.  One 
approach u t i l i z e d  ca p t iv e  deer to  assess  d i f f e r e n c e s  in weight gain ,  
a n t l e r  development, and a n t l e r  content  between deer fed a d i e t  
con ta in ing  a predetermined percentage of a commercial mineral mixture 
and those fed a d i e t  s im i la r  in a l l  r e s p e c t s  but lacking mineral 
mixture  supplementation (other  than NaCl).
The o ther  approach u t i l i z e d  f ree - ran g in g  deer to determine use of 
a r t i f i c i a l  l i c k s  made with the same mineral mixture .  E f f e c t s  of 
l ick  mineral consumption on deer were examined by comparing weights ,  
a n t l e r  c h a r a c t e r i s t i c s ,  and t i s s u e  con ten ts  of deer harvested  from 
a reas  on which l i c k s  were e s ta b l i s h e d  to deer harvested  from areas  on 
which no l i c k s  were cons t ruc ted .
The general  recommendation fo r  c a t t l e  in Louisiana i s  to provide
supplemental NaCl, Ca, P, and t r a c e  minera ls  a t  a l l  t imes; and Mg or I
TMas  cond i t ions  warrant (Chapman 1984,1985). Rack deer mineral 
(Hereafter  r e f e r r e d  to as  "Rack'1, manufactured by V.M.S., I n c . ,  
Montgomery, Alabama. Use of a trademarked product does not imply a 
recommendation by Louis iana S ta te  Univers i ty  and A g r ic u l tu ra l  and 
Mechanical College a t  Baton Rouge ELSUBR3) was chosen for use in t h i s  
study because i t  provided broad-spectrum mineral supplementat ion and 





Research on cap t ive  deer was conducted a t  the  W hi te - ta i led  Deer 
Research F a c i l i t y ,  Ben Hur Bio logical  Research Area (Ben Hur),  East 
Baton Rouge P a r i sh ,  Louis iana (Figure 1).  The f a c i l i t y  i s  operated by 
the  Louis iana A g r icu l tu ra l  Experiment S ta t io n  and i s  located 
approximately 7 km south of  Baton Rouge, Louisiana,  and 2 km e a s t  of 
the  M ississ ipp i  River (Fig .  2 ) .  East Baton Rouge Par ish  has a humid, 
su b t ro p ica l  c l im ate  with mild win te rs  and r e l a t i v e l y  high annual 
p r e c i p i t a t i o n .  Annual p r e c i p i t a t i o n  averages 13B.7 cm and the growing 
season i s  276 days (U.S. Soi l  Cons. Serv. 1968:77)(Table 2 ) .
Study area  s o i l s  a re  of the Dundee-Tensas-Sharkey complex. 
Approximately AO*/, of the complex i s  composed of  Dundee s o i l ,  a 
somewhat poorly drained s i l t  loam or s i l t y  c lay  loam. About AO'/, of 
the complex i s  the  poorly  drained Tensas c lay  s o i l .  The remaining 20*/. 
i s  poorly drained Sharkey c lay s o i l  (U.S. Soil  Cons. Serv. 1968:15).  
Resu l t s  of s o i l  analyses  ind ica ted  t h a t  s o i l s  on the  area contained 
122 ppm exchangable P, more than A000 ppm exchangable Ca, 270 ppm 
e x t r a c t a b l e  K, and th a t  s o i l  pH was 6 .7 .
Adult Bucks
Thir ty-one male w h i t e - t a i l e d  deer born in 1986 were included in 
the  i n i t i a l  phase of c ap t iv e  deer re se a rch .  These deer were used to 
examine the  e f f e c t s  of  sho r t - te rm  mineral supplementation of  adu l t  
bucks on growth and a n t l e r  development.
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Figure  1. Locat ions  of  East Baton Rouge and East  F e l i c i a n a
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Figure 2. Location of Ben Hur Bio logical  Research Area in 
East Baton Rouge P a r i s h ,  Louis iana .
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Table E. Average p r e c i p i t a t i o n  (cm) and high and low temperatures
<°C) from 1931-1960 in East  Baton Rouge P a r ish* ,  Louis iana ,  and
2p r e c i p i t a t i o n  recorded a t  Ben Hur Bio log ica l  Research Area , East






P r e c i p i t a t i o n
low high 1988 1989
January 1S.S 5 .5 17.E - 10.5
February 11. E 7.E 18.3 - E.9
March IE .4 10.0 E l . 6 - 11.7
Apr i 1 1S.S 14.4 S5.5 9 .8 3.6
May 1E.E 17.8 SB.9 E.9 16.6
June 10.^ E l . l 3E.S 7.4 54.0
July 16.0 EE.E 3E.7 11.9 16.S
August 13.5 EE.E 3E.7 13.1 EO.O
September 8.9 19.4 31.1 9.E 13.6
October 6.4 13.3 S7.E 9.1 B.S
November 10.4 7.8 E l . l 8 .6 -
December 13.0 6.1 13.0 15.E -
*U.S. Soi l  Cons. Serv. (196B).
^J .S .  Dep. of Commerce (1908,1989).
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On 11 and 12 Apri l  19BB a l l  bucks were t r a n q u i l i z e d  with 0 .5  -  
6 .0  cc xylaz ine  hydroch lor ide  (Rompun) to f a c i l i t a t e  handl ing 
(Roughton 1975, Kreeger e t  a l .  19B6, Van der Eems and Brown 19B6) 
using an XLR Cap-Chur d a r t  gun (Palmer Chemical and Equipment Co., 
I n c . ,  Oouglasvi1l e ,  G a .>. The amount of  Rompun adminis tered was 
dependent upon the  weight and temperament of indiv idual  deer .  
Tranqui l ized  deer were weighed to the nea re s t  lb (0.**5 kg) using a 
p la tform s c a le  and t ra n sp o r ted  to  1 of 2 study paddocks (approximately
0.55 ha each) of vo lun teer  g r a s s .  Assignment of  bucks to paddocks was 
based on body and a n t l e r  weights  recorded during September and October 
19B7 such th a t  each paddock contained bucks with s t a t i s t i c a l l y  s im i la r  
body and a n t l e r  weight means. Body weights recorded in September or 
October 1987 averaged (± s . e . ) 57.** ± 1.7 kg (n = 16) and 55.8 ± 1 . 7  
kg (n = 15),  and F a l l  19B7 a n t l e r  weights averaged 161.5 + 22.** g and
155.5 ± 2**.9 g, fo r  deer in  the 2 trea tment  paddocks. Yohimbine 
hydrochloride  (Yohimbine), an a n tag o n is t  to Rompun (Hsu and Shulaw 
198**, Mech e t  a l .  1985, Van der  Eems and Brown 1986), was administered 
to deer a f t e r  weighing and handl ing.  Each buck was administered 10 cc 
Yohimbine in t ravenously  and 10 cc subcutaneously . Additional  
Yohimbine was adminis tered  to bucks t h a t  did not respond to i n i t i a l  
i n j e c t i o n s  with in  5 - 1 0  minutes.
Bucks in each paddock rece ived  water and p e l l e t e d  feed ad lib i tum 
throughout the  s tudy .  P e l l e t e d  feed was s p e c i a l ly  formulated  by MFC 
Corporat ion of  Madison, M is s i s s ip p i .  Feed was s im i l i a r  fo r  both 
groups of  deer except  t h a t  feed fo r  deer in one paddock ( trea tment  
bucks) contained 3*/, Rack deer mineral mixture .  The guaranteed
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n u t r i e n t  a n a ly s i s  of Rack was: Ca -  min. 16%, max. 19%; P -  min. 10%; 
NaCl -  min. 31%, max. 35%; Mg -  min. 0.75%; Co -  min. 0.001%; Cu -  
min. 0.01%; I -  min 0.005%; Fe -  min. 0.70%; Mn -  min. 0.10%; Se -  
min. 0.0036%; Zn -  min. 0.10%; V i t . A -  min. 130,000 U.S.P. Units  per 
l b . ;  V i t .  D-3 -  min 50,000 U.S.P. Units  per lb .  Deer in the o ther  
paddock (contro l  bucks) rece ived  p e l l e t e d  feed con ta in ing  1% NaCl, 
approximately equal to t h a t  supplied  by the  mineral mixture in the 
feed of  t reatment  bucks. The so le  d i f f e r e n c e  between feeds  was the 
minera ls  (o ther  than Na and Cl) and vi tamins  supplied by 3% Rack 
(Table 3 ) .  A 3% leve l  of Rack was chosen based upon the  amount of  
mixture needed to  r a i s e  the  P content of feed to approximately 0.5%.
P was chosen as  the  t a r g e t  mineral in d i e t  formulat ion  based upon 
r e p o r t s  of the l im i t in g  na tu re  of d i e t a r y  P on f ree - rang ing  
w h i t e - t a i l e d  deer growth and reproduct ion  in  much of  the  Southeast  
(Lay 1957, B la i r  e t  a l .  1977, Jones and Hanson 1985:55).  I 
hypothesized th a t  a t rea tment  feed con ta in ing  0.5% P (an increase  of  
about 145% over P l e v e l s  in feed supplied to con t ro l  bucks) would be 
s u f f i c i e n t  to demonstrate  increased weight ga ins  and a n t l e r  
development i f  P was the major l im i t in g  n u t r i e n t  in the  con t ro l  feed.  
The 3% level  of  mineral mixture in feed a lso  produced a Ca:P r a t i o  of 
3 .3 3 :1 ,  c lo se  to t h a t  repo r ted  to be optimal in  f e e d s t u f f s  (Kamstra 
1975:95, Ensminger and Olent ine  1978:94). The amount of  p e l l e t e d  feed 
supplied  to bucks in each paddock was recorded and the remaining feed 
weighed weekly to the  n ea re s t  0 .5  lb (0.33 kg) with a hanging Hanson 
Dairy Scale (Model 600).  Average weekly and d a i ly  feed consumption of 
bucks in each paddock were es t imated from these  values .
E4
Table 3. Approximate n u t r i t i o n a l  composition of 2 s p e c i a l ly  
formulated p e l l e t e d  feeds* supplied  to c a p t iv e  w h i t e - t a i l e d  deer a t  
the  Louis iana S ta te  Univers i ty  W h i te - ta i led  Deer Research F a c i l i t y ,  
East Baton Rouge P a r i sh ,  Louisiana.
2Nutr ient
Feed for  
t rea tment  bucks 
(3V, Rack3)
Feed for  
con tro l  bucks 
(0*/. Rack)
Crude p ro te in 10.00 10.00
Crude f a t 1.95 1.95






^Formulated by MFC Corporat ion of  Madison, M is s i s s ip p i .  
5
All va lues  a re  percentages  except the  Ca:P r a t i o .  
Manufactured  by V.M.S., I n c . ,  Montgomery, Alabama.
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Bucks remained in  paddocks u n t i l  the  shedding of a n t l e r  ve lve t  53 
August -  10 October 19BB. Shor t ly  a f t e r  shedding a n t l e r  ve lve t  each 
buck was t r a n q u i l i z e d ,  weighed, and adminis tered Yohimbine as  befo re .  
During t h i s  procedure each buck 's  a n t l e r s  were removed approximately 
1.3 cm above the  sca lp  using a hacksaw. Each s e t  of a n t l e r s  was 
tagged, a i r - d r i e d  fo r  a t  l e a s t  14 days, weighed to the  n e a re s t  
decigram on a S a to r iu s  Universal (Model 3600P) Balance and s to red  for  
l a t e r  labora to ry  a n a ly s i s .  The number of  a n t l e r  p o in t s  (> 5.54 cm) 
per  rack was reco rd ed . The most d i s t a l  5 cm of the r i g h t  a n t l e r  from 
each deer was removed using a meat saw with a tempered-s teel  blade and 
analyzed fo r  s p e c i f i c  g r a v i ty  and w a te r , l i p i d ,  and mineral con ten ts .
A more d e t a i l e d  d i sc u s s io n  of  labo ra to ry  procedures i s  included in the 
Laboratory Analysis s e c t io n  below.
Young Deer
Th i r ty - fou r  w h i t e - t a i l e d  deer fawns (16 males and 18 females) 
born in 19B8 were used in  the secondary phase of the cap t iv e  deer 
s tudy to a s se s s  the  e f f e c t s  of  mineral supplementation on young deer .  
These deer were e i t h e r  progeny of c ap t iv e  deer a t  Ben Hur or donated 
by the  Louis iana Department of  W ild l i fe  and F i s h e r i e s .  Shor t ly  a f t e r  
b i r t h ,  or upon a r r i v a l  a t  Ben Hur, the  sex of each fawn was 
determined, i t  was weighed to the n ea re s t  0.1 lb (45.3 g) us ing a 
hanging Hanson Dairy Scale (Model 600) and burlap bag, and 
in d iv id u a l ly  ea r - tagged .
Fawns were b o t t l e - r a i s e d  in 5 .7  X 5 .7  m pens with in  roofed sheds 
(usua l ly  5, but no more than 4, fawns per pen) u n t i l  weaned a t  70
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days-of-age .  Undiluted evaporated milk (340 c a l o r i e s ,  16 g p r o te in ,  
24 g carbohydra te ,  20 g f a t ,  and 200 mg Na per 240 ml) was fed in 
s tandard  p l a s t i c  baby b o t t l e s  to each fawn u n t i l  weaned. Meaning of 
fawns progressed as  fo l lows;
1. Days 1-28 (of  age) ;  4 feed ings /day  (0700, 1100, 1500, and 1900 
hrs )  with a 900 ml maximum/feeding.
2. Days 29-42; 3 feed ings /day  (0700, 1100, and 1900 hrs)  with a 
900 ml maximum/feeding.
3. Days 43-56; 2 feed ings /day  (0700 and 1900 h rs )  with a 900 ml 
maximum/feeding„
4. Days 57-61; 1 feeding/day (0700 h rs )  with a 900 ml maximum.
5. Days 62-66: 1 feeding/day (0700 hrs)  with a 600 ml maximum.
6. Days 67-70; 1 feeding/day (0700 h rs )  with a 300 ml maximum.
All fawns were supplied  f re sh  water ad. 1ibitum throughout the  weaning 
per iod ,  and c a l f - s t a r t e r  feed (18'/. crude p r o te in ,  2*/. f a t ,  8*/. f i b e r ,  1*/, 
Ca, 0.6*/. P, and approximately 76*/. TDN) ad 1 ibitum from 7 - 7 0  
days-of-age .
Each fawn was weighed to the  n ea re s t  lb (0.45 kg) us ing a 
Counselor F i tn e s s  F100 (Model F100) bathroom s c a l e ,  i n d iv id u a l ly  
eat—ta t to o e d  (with a number corresponding to eai—tag number), and 
t ra nspo r ted  to 1 of  2 paddocks upon weaning. Fawns were assigned to 
paddocks to o b ta in  a s im i la r  arrangement of  fawns (based on sex and 
age) between paddocks. The average r e l e a s e  weights and b i r t h  da te s  of 
male fawns in the  2 paddocks were 14.7 ± 1.2 kg and 14.0 ± 1 . 7  kg, and
203.5 ± 14.9 day-of  year (doy) and 168.5 ± 11.9 doy, r e s p e c t iv e ly .  
Average r e l e a s e  weights and b i r t h  d a te s  of  female fawns were
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10.7 + 1.0 kg and 11.3 ± 1.0 kg, and 203.5 ± 14.9 doy and 172.1 ± 9.3 
doy, r e s p e c t iv e ly .
Vegetation in both paddocks was p r im a r i ly  volunteer  g r a s s .
Weaned fawns were suppl ied  f r e s h  water and p e l l e t e d  feed ad l ib i tum 
throughout the  s tudy .  The i n i t i a l  p e l l e t e d  feed provided to  deer in 
both paddocks was c a l f  creep feed <13’/. crude p ro te in ,  3.0% crude f a t ,  
1.0% Ca, 0.7*/. P, and approximately 7.0*/. crude f i b e r ) .  On 9 December
1988 the  feeds  were changed to the  same 2 r a t i o n s  supplied  to ad u l t  
bucks during the  previous  phase of c a p t iv e  deer re se a rch .  From 9 
December 1988 to  1 September 1990 the amount of  feed suppl ied  to deer 
in each paddock was recorded.  Remaining feed was weighed weekly to 
the  n e a re s t  0 .5  lb (0.23 kg) to e s t im a te  average weekly and d a i ly  feed 
consumption of deer in each paddock.
Deer remained on t rea tment  paddocks u n t i l  F a l l  1989. All does 
were t r a n q u i l i z e d  and weighed to the  n ea re s t  lb (0.45 kg) on 9 October
1989 using the  same methods as  descr ibed  fo r  adu l t  bucks. Bucks were 
t r a n q u i l i z e d ,  weighed, and a n t l e r s  were removed (using the  same 
methods as  descr ibed  fo r  ad u l t  bucks) from 6 September through 9 
October 1989 s h o r t l y  a f t e r  each buck lo s t  a n t l e r  v e lv e t .  Antler  s e t s  
were handled using the  same procedures  described  fo r  ad u l t  buck a n t l e r  
s e t s .
Free-ranging Deer
Study Areas
All a reas  used in t h i s  segment of  the  study were located  in East 
F e l i c i a n a  P a r i s h ,  Louis iana (Figure 1). Avondale Hunting Camp 
(Avondale),  Shades P la n t a t i o n  (Shades) ,  and the northwest  s e c t io n  of 
Bla irs town P l a n t a t i o n  (S la irs town)  were used to  study deer use of 
a r t i f i c i a l  mineral l i c k s  (Figure 3 ) .  These a reas  were a lso  used as 
t rea tment  a reas  to a s se s s  b e n e f i t s  f ree - ran g in g  deer der ived  from 
a r t i f i c i a l  mineral l i c k s .  Deer harves ted  from IdlewiId Experiment 
S t a t i o n  ( Id le w i Id ) , Hawes' P la n t a t i o n  (Hawes), and nontreatment a reas  
o f  Bla irstown (p r im ar i ly  Oaknolia Hunting Club) were used as  con tro l  
animals fo r  comparison to deer harvested  from treatment  a reas  (Figure 
3 ) .
Climate
The c l im a te  of  East  F e l i c i a n a  Par ish  i s  s im i la r  to  th a t  
r epo r ted  fo r  East Baton Rouge P a r i s h ,  Louis iana.  P r e c i p i t a t i o n  
recorded on IdlewiId (Table 4) was used to d esc r ib e  p r e c i p i t a t i o n  fo r  
a l l  s tudy a r e a s .  IdlewiId was the  most c e n t r a l l y - l o c a t e d  study a rea ,  
and monthly p r e c i p i t a t i o n  on o ther  study a reas  was s im i l a r .
Soi Is
Study a rea  s o i l s  were p r im a r i ly  of the  Providence-01iver  and 
Providence-Lexington a s s o c i a t i o n s .  Providence-01iver  s o i l s  a re  ac id ,  
gen t ly  s lop ing ,  and poorly  to  moderately well dra ined upland s o i l s  of
,Hawes
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Clin ton
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Figure  3. Locat ions  of s tudy a reas  in 
F e l i c i a n a  P a r i s h ,  Louis iana .
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Table 4.  P r e c i p i t a t i o n  (cm) recorded on IdlewiId Experiment S ta t io n ,  















^U.S. Dep. of Commerce (19B8,19B9).
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low f e r t i l i t y  (U.S. Boil Cons. Serv. 1971). Providence-Lexington 
s o i l s  a r e  ac id ,  gen t ly  to s t rong ly  s lop ing ,  and moderately well 
drained to  well drained s o i l s  of low f e r t i l i t y  (U.S. So i l  Cons. Serv. 
1971). Soil  samples were c o l l e c te d  on each trea tment a rea  and t e s t  
r e s u l t s  compared to o ther  parameters .  Soi l  t e s t  r e s u l t s  a re  presented 
in the  Soil  Mineral E f f e c t s  s e c t io n  of  the Resu l ts  and Discuss ion.
Area Descr ip t ions
Avondale i s  located approximately 7 km e a s t  of C l in ton ,
Louis iana,  and was used as  a t reatment  a rea  (Figure 4 ) .  This 351-ha 
area  i s  wooded except fo r  severa l  small c l e a r in g s  and 2 u t i l i t y  
r ig h ts -o f -w a y s .  Management on Avondale i s  fo r  t imber production and 
h u n t in g .
Shades i s  located  approximately 4 km west-southwest of Wilson, 
Louis iana .  Shades i s  about 1100 ha, of which approximately 337 ha 
were used as  a t rea tment  a rea  fo r  t h i s  study (Figure 5 ) .  The 337-ha 
study area  contained about 185 ha of fo re s te d  land and 55 ha of open 
p a s tu re .  Land use p r a c t i c e s  on Shades cen te r  around w i l d l i f e  
management.
Blai rstown i s  located  e a s t  o f  Highway 67 approximately 6 km south 
of  C l in ton ,  Louis iana.  Total a rea  i s  about 4800 ha, of  which 3000 ha 
a re  f o r e s t e d .  Land use p r a c t i c e s  on Blairstown include a cow-calf  
opera t ion  and timber product ion .  The northwest s e c t io n  of Blairstown 
was used as  a t reatment  a rea  (Figure 6 ) .  This 9B0-ha s e c t io n  of  
Blairstown c o n s i s t s  of approximately 790 ha of  fo re s te d  land and 190 
ha of  open p a s tu re .  Deer harvested  from other  a reas  of  Blairstown
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F ig u r e  4 .  A vo n d a le  H u n t in g  Camp, E a s t  F e l i c i a n a  P a r i s h ,  L o u is ia n a .
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F ig u r e  5 .  S tu d y  a r e a  on Shades P l a n t a t i o n ,
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F ig u r e  6 .  S tu d y  a r e a  on B la i r s t o w n  P l a n t a t i o n ,
E a s t  F e l i c i a n a  P a r i s h ,  L o u is ia n a .
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served as  co n t ro l  samples to a s se s s  l i ck  mineral consumption b e n e f i t s  
to f ree - r an g in g  deer .  Oaknolia Hunting Club, a s e c t io n  of  Blairstown 
leased fo r  hun t ing ,  provided the  vas t  major i ty  of  con t ro l  animals 
harvested  from Blairs town.  Oaknolia was approximately 4 km south of 
the  Blairstown treatment a rea .
IdlewiId i s  located approximately 4 km south of  C l in ton ,  
Louis iana,  and i s  a branch of  the Louis iana A g r icu l tu ra l  Experiment 
S t a t i o n .  Deer harvested  on t h i s  712-ha area were used as  con t ro l  
samples for  comparison to deer harvested  on treatment a re a s .
P a s tu re s ,  o rchards ,  and f o r e s t s  cover a l l  but a small p o r t io n  D f  
Id lewild .
Hawes i s  located approximately 6 km west of  Wilson, Louis iana.  
Deer harvested  on t h i s  a rea  were used as  con tro l  samples.  About 1000 
ha of  land were hunted during t h i s  s tudy.  Management on Hawes i s  
p r im ar i ly  fo r  t imber p roduct ion ,  c a t t l e ,  and hunting.
Vegetat ion
Vegeta t ive  composition of  fo re s t e d  areas  was s im i la r  on a l l  study 
a r ea s ,  and was typ ica l  of  t h a t  found in upland pine-hardwood f o r e s t s  
o f  Louis iana.  Overstory v eg e ta t ion  included lo b lo l ly  p ine  ( Pinus 
taeda) . s h o r t l e a f  pine (P. e ch in a ta ) . hickory ( Carva s p p . ) ,  ash 
(Fraxinus s p p . ) ,  black cherry  ( Prunus s e r o t i n a ).  water oak < Quercus 
n ig r a ) . southern  red oak ( Q. f a l c a t a ) . white oak <Q. a lb a ) . swamp 
ches tnu t  oak (Q. m ichauxi i ) ,  sweetgum ( Liquidamber s t v r a c i f l u a  ). 
American beech (Faous q r a n d i f o l i a ) . and yel low-poplar  (Lir iodendron 
t u l i p i f e r a ) . Major midstory spec ies  were f lowering dogwood ( Cornus
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f  l o r i d a ) . deciduous ho l ly  ( I lex  decidua ) .  yaupon (I_. vomitoria  ) . 
bluebeech (Carpinus c a r o l i n i a n a ). p r i v i t  (Lioustrum s p p . ) .  e a s te rn  
hophornbeam (Ostrva v i r q i n i a n a ) . and red maple < ftcer rubrum ). 
Understory v eg e ta t ion  was p r im ar i ly  b lackberry  (Rubus s p p . ) ,  Japanese 
honeysuckle (Lonicera japonica) . g reenbr ie r  <Smilax spp . ) ,  French 
mulberry <CalI ica rpa  americana) . wild grape ( V i t i s  s p p . ).  poison ivy 
(Rhus ra d ica n s ) . r a t t a n  v ine  ( Berchemia scandens). yellow jessamine 
(Gelsemiurn sempervirens) . V i rg in ia  c reeper  (Para thenocissus  
Quinouefolia) . and d e v i1’s -w a lk ings t ick  ( A ra l ia  spinosa  ).
Establ ishment and Maintenance of A r t i f i c i a l  Mineral Licks
Licks were e s ta b l i s h e d  on Avondale, Shades, and Blairstown during 
March through June 198B. An at tempt  was made to evenly d i s t r i b u t e  
l i c k s  on each a rea .  Forty-two l i c k s  were e s ta b l i s h e d :  12 on Avondale, 
1*» on Shades, and 16 on Blairs town.  The major i ty  of the  Blairstown 
treatment area was open to  c a t t l e  g raz ing ,  and l i c k s  in a rea s  open to 
c a t t l e  grazing were placed in p l o t s  fenced to exclude c a t t l e .
Each l ick  was e s ta b l i s h e d  in the following manners 1. A hole 
la rge  enough to accommodate a 25 lb (11.3 kg) mineral block was 
excavated and 1 block placed  w i th in ,  s l i g h t l y  below ground l e v e l .  2. 
Excess s o i l  was used to f i l l  in spaces on a l l  s id e s  of the  block to 
about one-ha lf  the  d i s t a n c e  up the  b lo c k ' s  s id e s .  3.  One bag, 25 lbs 
(11.3 kg ) , of  granula ted  mineral was mixed with ground cot tonseed  hu l l  
(CSH) marker and a small amount of  s o i l  and placed over and around the 
block to completely f i l l  the  depress ion .  4. Lick lo c a t io n  was marked 
using f lagg ing  and a wooden s ta k e ,  and was recorded on a map of the
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study a rea .  Mineral blocks were used only in l ick  c o n s t ru c t io n .  All 
mineral added to l i c k s  a f t e r  c o n s t ru c t io n  was granu la ted .
Licks were monitored a t  l e a s t  once monthly through December 1989 
and recharged with mineral and ground C5H to o r ig in a l  level  
(ground-level)  i f  used. Mineral was mixed with CSH in a 3:1 r a t i o  
(mineral:CSH) by volume (approximately 12:1 by weight) and used to 
recharge 1icks .  CSH funct ioned as  a marker to monitor deer use of 
1icks by looking fo r  undigested CSH fragments in fec e s .
An e f f e c t i v e  marker fo r  determining i f  an animal consumes a 
p a r t i c u l a r  food item should not a f f e c t  the  ta rg e ted  spec ie s  nor 
in f luence  the  q u a n t i ty  or v a r i e ty  of the  d i e t .  The marker should be 
ingested along with the  chosen food item and pass  through the  
d ig e s t i v e  system in a r e a d i ly  i d e n t i f i a b l e  form. Dyes, i so to p es ,  and 
p a r t i c u l a t e  matter  have been used as  d i e t a r y  markers in animal 
s tu d i e s .  Sowls and Minnamon (1963) d iscussed  using g l a s s  beads and 
fec a l  a n a ly s i s  fo r  marking the  home range of  mammals.
Dyes and a s so r ted  p a r t i c u l a t e  matter  were considered fo r  use in 
t h i s  s tudy.  CSH were ground through 1.0-mm screen  using a Standard 
(Model 3) Wiley mi 11 fo r  use as a marker in t h i s  s tudy.  CSH were 
chosen because they were inexpensive ,  not a normal d i e t a r y  component 
of  trea tment  a rea  d e e r , and they pass  through the d ig e s t i v e  system of 
deer in a form r e a d i l y  i d e n t i f i a b l e  using microscopic examination. 
S l id e s  of  CSH were prepared and used to  i d e n t i fy  microscopic 
c h a r a c t e r i s t i c s  of  CSH fo r  i d e n t i f i c a t i o n  in  prepared fec a l  p e l l e t  
groups. Several types of CSH fragments were i d e n t i f i e d .  All but 1 of 
the CSH fragment types  were dismissed because they had s im i la r
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microscopic appearances  to  fragments of  v ege ta t ion  consumed by deer on 
the  s tudy a re a s .  The CSH fragment type chosen to id e n t i fy  CSH in 
feca l  p e l l e t  groups can b es t  be described as appearing "b ra in - l ik e "  
microscopica l ly  <Figure 7 ) .
Mineral and CSH were measured in to  a la rge  p l a s t i c  bucket in a 
3:1 r a t i o  us ing a graduated  c o n ta in e r ,  thoroughly mixed by hand, and 
poured over the  l i c k  depress ion  u n t i l  the l ick  was again a t  ground 
l e v e l .  The t o t a l  amounts of mineral and CSH added to each l ick  were 
recorded dur ing each recharg ing  procedure.  Monthly mineral 
consumption was c a lc u la te d  fo r  each trea tment a rea  and the  average 
monthly use per  deer on each a rea  was es t imated based on deer 
popula t ion  e s t im a te s .  Because th e re  was no d r a s t i c  changes in deer 
d en s i ty  on any area  during the s tudy ,  t e s t i n g  of  monthly and seasonal 
t ren d s  in mineral consumption from l i c k s  was performed using monthly 
use data  as  recorded per a rea  and not from es t imated monthly 
consumption per deer  on each a rea .  Estimated consumption per deer was 
not used because the  es t imated  number of deer on each area  had a 
f a i r l y  wide range of e r r o r .  Reported consumption e s t im a tes  a re  for  
minerals  only and do not include ground CSH marker.
Soi l  Analysis
Soi l  samples were c o l l e c t e d  on each mineral t rea tment  a rea  during 
September 1990. Samples were c o l l e c te d  from an area wi th in  9 m of 
each l i c k ,  but c a re  was exerc ised  such th a t  no sample was taken from 
lo c a t io n s  where leaching from 1icks might have impacted s o i 1 mineral 
l e v e l s .  Sampling depth was approximately 15 cm. S o i1 was co l le c te d
Figure 7. Cottonseed h u l l  fragment type (125 X) used to i d e n t i f y  
cot tonseed  h u l l s  i n  w h i t e - t a i l e d  deer  f e c a l  p e l l e t  groups.
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from a minimum of 4 lo c a t io n s  around each l i c k ,  thoroughly mixed in a 
p l a s t i c  bucket ,  and boxed for  a n a ly s i s .
Jones and Hanson (1985;180) repo r ted  a s trong r e l a t i o n s h i p  
between s o i l  geochemistry and a n t l e r  development of bucks, deer body 
weights ,  and deer f e r t i 1i t y . S o i1 t e s t  r e s u l t s  were compared to 
consumption from ind iv idua l  1icks to  examine r e l a t i o n s h i p s  between 
s o i 1 geochemistry and l i c k  use .  Soil  t e s t  r e s u l t s  were compared to 
c o n cen t ra t io n s  of  s e le c te d  minera ls  in t i s s u e s  of  deer harvested  on 
each t rea tment  a rea  to a s se s s  s o i l  geochemistry and body mineral 
r e l a t i o n s h i p s .
Fecal C o l lec t io n  and Analys is
For ty w h i t e - t a i l e d  deer p e l l e t  groups were c o l l e c te d  monthly from 
each t rea tment  a rea  fo r  m ic roh is to log ic  a n a ly s i s .  The percentage of 
fe c a l  groups conta in ing  CSH fragments was intended to e s t im a te  the 
p ropor t ion  of  a rea  deer herds  using 1ick s .  Pel l e t  group c o l l e c t i o n s  
began in  May 1988 on Shades and Bla irs town,  and in Ju ly  1988 on 
Avondale. C o l lec t io n s  on each area  continued through December 1989. 
Each trea tment  a rea  was div ided  in to  4 s e c t io n s  using n a tu ra l  or 
a r t i f i c i a l  boundar ies  (F igures  4-6) and 10 p e l l e t  groups co l l e c te d  
monthly from each s e c t io n .  The d iv i s io n  of  t rea tment  a rea s  in to  
s e c t io n s  ensured th a t  pel l e t  groups were c o l l e c te d  throughout  each 
a rea ,  a s  opposed to concentra ted  col l e c t i o n s  a t  only 1 or S lo ca t io n s  
on each a rea .  Exceptions to c o l l e c t i n g  10 p e l l e t  groups from each 
a rea  were made during times when f looding  made some lo ca t io n s  
i n a c c e s s ib le .  Every at tempt  was made during per iods  of  f looding  to
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d i s t r i b u t e  p e l l e t  group c o l l e c t i o n  over a l l  accessab le  p o r t io n s  of 
t rea tment  a rea s .
Each p e l l e t  group was placed in  an in d iv id u a l ly  marked paper bag, 
d r ied  a t  100°C fo r  a t  l e a s t  24 h rs  in a P re c i s io n  S c i e n t i f i c  (Model 
18) Convection Oven, and ground through 0.5-mm screen using a Thomas 
(Model S61000) Wiley mi 11. M icroh is to log ic  technique as  described by 
Johnson e t  a l . (1983) and Keegan (1980:21-22) was employed to t e s t  for  
the  presence or absence of  CSH fragments in  p e l l e t  groups.
Ground feca l  samples were prepared fo r  microscopic examination by 
s a tu r a t i o n  in a 50*/. bleach s o lu t io n  for  10 min to remove pigments,  
followed by blending a t  high speed fo r  30 sec in a Waring (Model 
31BL91) s t a i n l e s s - s t e e l  blender  to thoroughly sepa ra te  and mix 
fragments.  Fecal samples were recovered and r in sed  using tap water 
and a 0.2-mm c i r c u l a r  f i l t e r i n g  sc reen .  Five wet-mount s i  ides  were 
prepared from each feca l  sample, each using approximately 0.28 g 
wet-weight (0.14 g d ry -w e igh t ) f e c a l  m a t e r i a l . The e n t i r e  area under 
the  cover s l i p  (24 X 40 mm) of each s l i d e  was sy s tem a t ic a l ly  examined 
a t  40 power using a Le i tz  Labor lux K t ra n sm i t te d -1 ig h t  s t e re o  
microscope to i d e n t i fy  CSH fragments .  Questionable  fragments were 
examined a t  100 or 125 power fo r  p o s i t i v e  i d e n t i f i c a t i o n .
The 5 s l i d e s  prepared from each sample were sys te m a t ic a l ly  
examined u n t i 1 CSH fragments were i d e n t i f i e d  or u n t i 1 examination of 
a l l  s l i d e s  was complete.  The presence or absence of CSH fragments was 
recorded fo r  each fec a l  sample. No at tempt was made to quan t i fy  the 
number of  CSH fragments on a s l i d e  or the  number of  s l i d e s  from each 
sample conta ining CSH fragments .  The percentage of f eca l  samples
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c o l l e c t e d  monthly on each area  in which CSH fragments were i d e n t i f i e d  
was ca lcu la te d  and compared to corresponding e s t im a te s  of  l i ck  mineral 
consumption.
After  12 c o l l e c t i o n s  <p e l l e t  groups c o l l e c te d  on 1 area  during 1 
month) of  40 f eca l  samples each had been examined, the percentage of 
samples con ta in ing  CSH fragments was compared between the  e n t i r e  40 
samples of  each col l e c t i o n  (10 from each of 4 sec t io n s )  and the f i r s t  
20 examined ( the f i r s t  5 from each s e c t i o n ) . No change <P > j t |  = 
0.4408) in the percentage of  samples conta in ing  CSH fragments was 
found (11.04 ± 0.03'/. and 14.58 ± 0.04'/. fo r  40 and 20 pel l e t  groups, 
r e s p e c t i v e l y ) . The number of  feca l  samples c o l l e c te d  monthly on each 
a rea  used fo r  m ic roh is to log ica l  examination was reduced to 20 <5 from 
each sec t io n )  fo r  a l l  remaining examinat ions.
Two t e s t s  were conducted to determine the  e f f e c t iv e n e s s  of the 
CSH marker /m icroh is to log ica l  examination technique.  The f i r s t  t e s t  
was designed to determine the  s e n s i t i v i t y  of the  m icroh is to log ic  
procedure using CSH. Varying dry-weight  r a t i o s  of ground CSH and 
w h i t e - t a i l e d  deer f eca l  m ate r ia l  ( c o l le c te d  on a reas  without  CSH 
access  by d e e r ) were thoroughly mixed, prepared as  were study feca l  
samples,  and examined m icroscop ica l ly .  Groung CSH:fecal mater ia l  
r a t i o s  s t a r t e d  a t  1:40 and examinations cont inued u n t i l  a r a t i o  of 
1:10,000 was reached. Five samples of  the 1:10,000 r a t i o  mixture were 
examined. Ten subsamples were separa ted  from each sample, and 5 
s l i d e s  prepared from each subsample. A t o t a l  of 250 s l i d e s  were 
examined. The number of  s l i d e s  in which CSH fragments were i d e n t i f i e d  
was recorded fo r  each subsample. CSH fragments were i d e n t i f i e d  in an
<♦3
average of  7 of  10 subsamples, and an average of 9 .6  of the  s l i d e s  
w i th in  a sample (50).  These r e s u l t s  showed th a t  us ing the  
m icroh is to log ic  technique was highly  s e n s i t i v e  in id en t i fy in g  the 
marker in deer f e c a l  m a te r ia l .
The second t e s t  was conducted to examine the  d i s t r i b u t i o n  of CSH 
in  w h i t e - t a i l e d  deer f e c a l  groups a f t e r  1 inges t ion  of the marker.  
Four cap t ive  4 -yea r-o ld  bucks were i so la te d  in an enclosed s t r u c t u r e  
(a la rge  feed shed) a t  IdlewiId on 1 March 1990. Bucks rece ived  ad 
l ib i tum  water and Heavy Grain horse  feed during the  t e s t  pe r iod .
Heavy Grain horse feed was se lec ted  because i t  contained no CSH or 
cot tonseed meal. Microscopic examination of  the  Heavy Grain feed 
confirmed the absence of CSH fragments .  On BO March 1990 (BO days 
a f t e r  i s o l a t i o n )  each buck was fed 1 g ground CSH. Inges t ion  of CSH 
was accomplished by placement in a p iece  of  apple or c a r r o t ,  or 
wrapped in chewing tobacco,  depending upon the p re fe rence  of  
ind iv idua l  deer .  All f eca l  m ater ia l  in  the  shed was removed a t  tha t  
t ime.  Every fec a l  group in  the  shed was co l l e c te d  on each of  the  
following SI days and placed in individually-marked paper bags.  Fecal 
samples were oven-dried a t  100°C fo r  a t  l e a s t  24 h r s .  Twenty of the 
f e c a l  groups c o l l e c te d  each day were randomly s e le c te d  fo r  microscopic 
a n a ly s i s  (except fo r  Day B when only 18 samples were c o l l e c t e d ) .  
Samples were prepared fo r  examination using the same techniques  
described e a r l i e r .  Five s l i d e s  were made from each feca l  sample and 
a l l  s l i d e s  were microscopica l ly  examined. There was a high 
concen t ra t ion  of CSH fragments in f e c a l  groups c o l l e c te d  the  f i r s t  
seve ra l  days a f t e r  CSH inges t ion  (Table 5 ) .  CSH fragments were found
Table 5. Cottonseed h u l l  fragment d i s t r i b u t i o n  in the  f ec a l  groups of 
9 w h i t e - t a i l e d  deer a t  Id lewiId  Research S t a t i o n ,  East F e l i c i a n a
P a r i s h ,  Louis iana, a f t e r  in g e s t io n  of 1 g ground cot tonseed  h u l l s .
Day a f t e r  
inges t ion
S l id e s  

























in f e c a l  groups up to and including those c o l l e c te d  the  14th day a f t e r  
CSH in g e s t io n .  No CSH fragments  were found in f eca l  groups c o l l e c te d  
the 15th -  17th days a f t e r  in g es t io n .  Therefore ,  no f eca l  groups 
c o l l e c te d  a f t e r  the  17th day were examined. These r e s u l t s  ind ica ted  
th a t  CSH fragments could be found in f eca l  groups excre ted  by deer up 
to 14 days a f t e r  the in g e s t io n  of  a t  l e a s t  1 g ground CSH.
C o l lec t io n s  of Free-ranging  Deer
Data and t i s s u e  samples were c o l l e c te d  from f ree - ran g in g  deer 
harvested  on t rea tment  and con t ro l  a reas  during the  1988-89 and 
1909-90 hunting seasons .  Hunters c o l l e c te d  the lower jaws, the 
s e c t io n  of the r i g h t  fo re le g  below the "knee" ( the  metacarpal and foot  
s e c t io n  of the l e g ) ,  and a n t l e r s  from deer harvested  during both 
hunting seasons.  Liver  samples were c o l l e c t e d  during the  1989-90 
hunting season. Blood, bone, and l i v e r  a re  the  t i s s u e s  normally used 
to eva lua te  animal mineral s t a t u s  (Underwood 1981: 2 6 ) . Bone i s  the 
a n a ly t i c a l  t i s s u e  of choice  fo r  d e te c t in g  d i e t a r y  Ca and P 
d e f i c i e n c i e s  (Underwood 1981:26),  and most animal n u t r i t i o n i s t s  use 
the  long bones to measure Ca d e p le t io n  (Ensminger and Olent ine  
1978:100).  The l i v e r  i s  the  t i s s u e  of choice in a n a ly s i s  of  animal Co 
and Cu s t a t u s  (Underwood 1981:26).
The l iv e  weights of hog-dressed deer (n = 8) were es t im ated  using 
th e  formula repo r ted  by Hamerstrom and Camburn (1950);
Live weight -  2.62 + 1.251(hog-dressed weight)
(kg) (kg)
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Jaws, leg samples,  and l i v e r  samples were f rozen  s h o r t l y  a f t e r  
c o l l e c t i o n .  Liver samples were c o l l e c te d  from hunters  a s  soon as 
p o s s ib le  (u sua l ly  w i th in  E4 hrs)  for  t r a n s f e r  in to  a -7 0 °C f reeze r  in 
t h e  F o re s t ry ,  W i ld l i f e ,  and F i sh e r i e s  Bui ld ing,  LSUBR. A n t le rs  were 
tagged and boxed fo r  a n a ly s i s .
Laboratory Procedures
All f rozen  leg s e c t io n s  and jaws were thawed fo r  labora tory
p rep a ra t io n  and a n a ly s i s  a f t e r  each hunt ing season. Jaws were used to
e s t im a te  the a g e -c la s s  of  deer (Severinghaus 1949). Each leg sec t ion
was s t r ip p ed  of  s k in ,  tendons,  and the major i ty  of muscle t i s s u e  using
a s t a i n l e s s - s t e e l  kn i fe  (Table 6 ) .  Both phalanges were removed from
the, fo o t .  The most d i s t a l  5 cm of  the  metacarpal was removed using a
meat saw with a tempered-s teel  blade and placed with phalanges in a
paper bag marked with a sample number corresponding to the  deer .  All
metacarpals  and phalanges were autoclaved with deionized  water for  10
Smin a t  121®C and 1.1 kg/cm p ressu re  in a Market Forge S t e r i lm a t i c  
(Model STM-E) Autoclave to loosen remaining t i s s u e s .  Remaining 
t i s s u e s  were removed using a s t a i n l e s s - s t e e l  kn i fe .  Each metacarpal 
s e c t io n  and a l l  phalanges were tagged with co t ton  s t r i n g  and paper 
tag s  with sample numbers marked in p e n c i l ,  and r e f rozen .
Metacarpal s e c t io n s  and r i g h t  phalanges were thawed and weighed 
to  the n ea re s t  0.1 mg on a Mett ler  E lec t ron ic  Analy t ica l  Balance 
(Model AE 163) a f t e r  a l l  leg samples were thoroughly cleaned and
Table 6. Laboratory procedure followed for  metacarpals  (me tacar . ) ,  
phalanges  (p h a la n . ) ,  a n t l e r s ,  and l i v e r s  c o l le c te d  from w h i te - ta i l e d  
deer fo r  a n a ly s is  of s p e c i f i c  g r a v i ty ,  water and l i p i d  co n ten t ,  and 
c o n cen t ra t io n s  of m inera ls .  Marks w i th in  a sample column fo r  
procedures  in d ic a te  the  use of those  procedures fo r  a l l  samples of 
t h a t  type.
Procedure Metacar.  Phalan. A nt le rs  Livers
I n i t i a l  P repara t ion  
Frozen a t  -2°C 
Frozen a t  -7 0 #C 
Weighed to nea re s t  0.01 g 
5 cm sample cut 
Most t i s s u e  removed 
Autoclaved fo r  10 min 













S p ec i f ic  Gravi ty
Displaced water weighed
Percent  Water
Weighed to n ea re s t  0.1 mg 
F reeze-dr ied  fo r  144 h rs  
Reweighed to nea re s t  0.1 mg 
Weighed to n e a re s t  0.01 g 
Oven-dried a t  70°C fo r  24 hrs  













Percent  l i p i d s
72 h r s  in  10°C ethanol X
72 h rs  in  10°C e th e r  X
Oven-dried a t  65°C fo r  24 h rs  X
Weighed to n ea re s t  0.1 mg X
N i t r i c  Acid Digestion*
Ground through 2-mm screen  X
Ground through 1-mm screen 
Oven-dried a t  70°C fo r  12 h rs  ^ *
Two 0.5000 g r e p l i c a t e s  weighed X 
5 ml conc. n i t r i c  ac id  added


















Procedure Metacar. Phalan. Ant lers Livers
Heated a t  1S0°C fo r  app. 2 h rs
and s e t  fo r  1 12 h rs X X X X
F i l t e r e d  through #42 f i l t e r  paper X X X X
Brought to 50 ml volume with
deionized water X X X X
Mixed and subsample in to  ICP tube X X X X
Mineral Analysis
Analyzed by ICP spectrophotometer X X X X
Sample p rep a ra t io n  fo r  ICP spectrophotometry modified from Isaac and
Johnson (1975).
2Remaining procedures performed on S r e p l i c a t e s  per sample.
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prepared .  Samples were f r e e z e -d r i e d  in  a V i r t i s  Consol 24 
F reeze -d r ie r  fo r  144 h r s  to remove a l l  water (Freeze-drying time was 
determined by weighing 53 randomly s e le c te d  samples a f t e r  72 h rs  of 
f reeze -d ry ing  and a t  24-hr i n t e r v a l s  t h e r e a f t e r  u n t i l  1i t t l e  or no 
weight lo ss  occurred between success ive  weighings) .  After  
f reez e -d ry in g ,  samples were placed in a d e s s i c a to r  and allowed to 
reach room temperature  then reweighed to the  nea re s t  0.1 mg on the 
same s c a l e .  Percent  water was c a lc u la t e d  fo r  each sample based upon 
the  i n i t i a l  weight and the  weight l o s t  during f reeze -d ry in g .
M ois tu re - f ree  samples were e x t r ac te d  fo r  72 h rs  in 10°C ethanol 
followed by 72 h r s  in 10°C e the r  to remove a l l  l i p i d s .  Extracted  
samples were d r ie d  a t  65°C in a F isher  (Model 230F) Isotemp Convection 
Oven fo r  24 h r s .  Dried samples were reweighed on the same s c a l e  to 
the nea re s t  0.1 mg a f t e r  reaching room temperature  in a d e s s i c a t o r .  
Percent  l i p i d s  (m o is tu re - f ree )  was ca lc u la te d  fo r  each sample based 
on the  weight a f t e r  f reeze -d ry ing  and weight l o s t  during e x t r a c t i o n .  
Each sample was ground through 2-mm screen  using a Standard (Model 3) 
Wiley mil l  and placed in a z iplock bag marked with the  sample number. 
The Wiley mil l  was thoroughly cleaned with acetone p r io r  to g r ind ing ,  
and r e s id u e  was removed with compressed a i r  between the  gr ind ing  of 
indiv idual  samples.
Ground samples were placed in 25-ml g la s s  beakers  and d r ie d  a t  
70#C fo r  a t  l e a s t  12 h rs  in a  P re c i s io n  S c i e n t i f i c  (Model IS) 
Convection Oven. Two sample r e p l i c a t e s  of  approximately 0.5000 g each 
were weighed on a M ett le r  (Model HK160) E lec t ro n ic  Analyt ic Balance, 
the weight of  each recorded to the  n ea re s t  0.1 mg, and each placed
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in to  a g l a s s  ig n i t i o n  tube.  Concentrated n i t r i c  acid (5 ml) was added 
to each sample r e p l i c a t e  and a small g l a s s  funnel placed on top of  the 
i g n i t i o n  tube.  After  d ig e s t in g  a t  room temperature fo r  a t  l e a s t  12 
h r s ,  i g n i t i o n  tubes  were placed in to  a heat ing  block and r e p l i c a t e s  
were heated a t  120°C fo r  a t  l e a s t  2 h rs  ( u n t i 1 r e p l i c a t e s  were t o t a l l y  
d i g e s t e d ) . Digested r e p l i c a t e s  were cooled overnight  then f i l t e r e d  
through Uhatman No.42 a s h le s s  12.5-cm f i I t e r  paper in to  50-ml f l a s k s .  
F i l t e r e d  r e p l i c a t e s  were brought to 50 ml volume with deionized w a te r , 
thoroughly mixed, and poured in to  p l a s t i c  Induc t ive1y-Coup1ed Argon 
Plasmamembrane (ICP) tubes .
R ep l ica te s  were analyzed fo r  concen t ra t ions  of Ca, P, S, Mg, Na, 
Cu, K, Zn, Co, Al,  Mn, and Fe with an ICP Spectrophotometer (Model 
34100 ICP-AES). Sample mineral c o n cen t ra t io n s  were described  by 
averaging r e p l i c a t e  va lues .  The co ncen t ra t ion  of any sample mineral 
was de le ted  i f  e i t h e r  r e p l i c a t e  value fo r  t h a t  mineral var ied  more 
than  ± 10’/. from the  samp 1 e mean. Metacarpal and phalangeal da ta  were 
pooled to  desc r ibe  e f f e c t s  on leg bone composition in g e n e r a l .
Ant lers  c o l l e c te d  from cap t ive  and f ree - rang ing  bucks were 
allowed to a i r - d r y  fo r  a t  l e a s t  14 days and weighed to the n ea re s t  
0.01 g on a S a to r iu s  (Model 3600P) Universal  Balance. The number of 
a n t l e r  p o in t s  (> 2.54 cm) was recorded for  each a n t l e r  s e t  ( r a c k ).
The most d i s t a l  5 cm of the r i g h t  a n t l e r  was removed fo r  a n a ly s is  
using a meat saw with a tempered-s teel  b lade .  The s p e c i f i c  g ra v i ty  of  
each a n t l e r  t i p  was determined using the a i r - d r i e d  weight div ided by 
the  weight of deionized water d isp laced  by the  a n t l e r  t i p  (Nichols 
1894s79, M il ler  1903:119).  Each a n t l e r  t i p  was tagged with co t ton
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s t r i n g  and paper tags  with sample numbers marked in p e n c i l .  Antler  
t i p s  were reweighed to  th e  n e a re s t  0.1 mg on a Mett ler  (Model AE 163) 
E lec t ro n ic  Analyt ic Balance and f r e e z e -d r i e d  along with metacarpals  
and phalanges .  All procedures  following f reeze -d ry ing  were id e n t i c a l  
to those  employed on metacarpals  and phalanges .  Unless o therwise 
s p e c i f i e d ,  c o n cen t ra t io n s  of minera ls  in metacarpals ,  phalanges ,  and 
a n t l e r  t i p s  a re  on a m o is tu r e - f r e e  and 1i p i d - f r e e  b a s i s .
Frozen l i v e r  s e c t io n s  were weighed to the n ea re s t  0.01 g on a 
S a to r iu s  (Model 3600P) Universal  Balance, d r ied  a t  70°C fo r  24 h rs  in 
a P re c i s io n  S c i e n t i f i c  (Model IB) Convection Oven, and reweighed on 
the same balance to de termine water c o n t e n t . Each 1iver  s e c t io n  was 
ground through 1-mm screen  using a Thomas (Model S61000) Mi ley mi 11. 
Ground samples were oven-dried a t  70°C fo r  a t  l e a s t  12 h r s  in a 
P r e c i s io n  S c i e n t i f i c  (Model 18) Convection Oven and 2 r e p l i c a t e s  of 
approximately 0.5000 g weighed out an a M ett le r  (Model HK160) 
E le c t ro n ic  A naly t ica l  Balance. The n i t r i c  acid d ig e s t i o n ,  f i l t e r i n g ,  
d i l u t i o n ,  and ICP spectrophotometer  a n a ly s i s  procedure employed was 
i d e n t i c a l  to t h a t  used on o ther  t i s s u e s .  Unless o therwise s p e c i f i e d ,  
c o n ce n t ra t io n s  of  m inera ls  in 1iv e r s  a re  on a m o is tu re - f r ee  b a s i s .
Mineral c o n cen t ra t io n s  in 1iv e r s  were converted to a wet-weight 
b a s i s  using ’/• water v a lu es .  Twenty-two metacarpal (n = 7 ) ,  phalangeal 
(n = 13), and a n t l e r  t i p  (n = 2) samples ( "unknowns" from c o l l e c t i o n s )  
were dry-ashed and V, ash c a l c u l a t e d .  Average */. ash for  th ese  samples 
was 62.67 ± 0.40 '/., and did  not d i f f e r  between sample types  (P > | t |  = 
0 .6258) .  This value was used to convert  average c o n cen t ra t io n s  of  Ca, 
P, and Mg in metacarpa ls ,  phalanges,  and a n t l e r  t i p s  to es t imated
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percentages  on a dry-ash  b a s i s .
S t a t i s t i c a l  Analyses
S tu d e n t ' s  t - t e s t  (T r io la  1983:214-225) was used to eva lua te  
d i f f e r e n c e s  among feed t reatment  averages  of c ap t iv e  ad u l t  buck 
i n i t i a l  body weight,  f i n a l  body weight,  weight ga in ,  a n t l e r  weight,  
a n t l e r  p o in t s  per r a c k , a n t l e r  t i p  s p e c i f i c  g r a v i ty ,  a n t l e r  t i p  water 
c o n t e n t , and c o n cen t ra t io n s  of  ind iv idua l  minerals  in a n t l e r  t i p s .
The General Linear Models (GLM) procedure (Ray 1982;139-199) was used 
to determine i f  feed t re a tm e n t , sex,  or the  i n t e r a c t io n  of  feed 
t rea tment  and sex a f f e c t e d  f i n a l  weight or weight ga in  of  c ap t iv e  
young deer .  S tu d e n t ’s t - t e s t  was used to assess  d i f f e r e n c e s  between 
feed t rea tment  averages  o f  c ap t iv e  young buck a n t l e r  weigh t , a n t l e r  
p o in t s  per rack ,  and the a n t l e r  t i p  s p e c i f i c  g r a v i ty ,  water c o n te n t , 
and ind iv idua l  mineral co n cen t ra t io n s .  Average a n t l e r  t i p  s p e c i f i c  
g r a v i ty ,  water c o n t e n t , and co ncen t ra t ion  of  ind iv idua l  minera ls  were 
compared between ad u l t  (3 .5 -y ea r -o ld )  and young (1 .5 -y e a r -o ld )  cap t ive  
buck5 using S tu d e n t ' s t - t e s t . The GLM procedure was used to assess  
d i f f e r e n c e s  in  average feed consumption of  deer between feed 
t rea tm en ts  fo r  a du l t  bucks and young d e e r .
The GLM procedure and the  c o n t r a s t  procedure (Ray 1982:146-147) 
were used to d e te c t  d i f f e r e n c e s  in s o i 1 pH, co n d u c t iv i ty ,  and mineral 
content  between t rea tment  a rea s .  Lick mineral consumption per  a rea ,  
and es timated mineral consumption per deer ,  were compared using the
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GLM procedure to determine i f  t rea tment  a rea ,  month of  the  s tudy,  
month of the  year ,  season, or year of  the  study were i n f l u e n t i a l .  
A ssocia t ions  between s o i l  minera ls  and l i c k  use were analyzed using 
c o r r e l a t i o n  procedures  (S tee l  and Torr ie  1980:272-276), and 
s i g n i f i c a n t  a s so c ia t io n s  descr ibed  with r e g re s s io n  an a ly s i s  (Steel  and 
Torr ie  1980:239-271). Associa t ion  of  percent  f e c a l  samples contain ing 
CSH fragments and mineral consumption was evaluated  with c o r r e l a t i o n  
a n a ly s i s .
D if ferences  in 1ive weight ,  a n t l e r  weigh t , a n t l e r  p o in t s  per 
rack;  a n t l e r  t i p  s p e c i f i c  g r a v i ty ,  water c o n t e n t , and ind iv idual  
mineral co n cen t ra t io n s ;  metacarpal and phalangeal  water c o n t e n t , 1ipid 
con ten t ,  and ind iv idua l  mineral co n c e n t ra t io n s ;  and 1iver  water 
content  and ind iv idual  mineral concen t ra t ions  between f ree - rang ing  
deer harvested on t rea tment  a reas  and those harvested  on con tro l  areas  
were analyzed using the  GLM procedure and the  Backward e l im ina t ion  
technique (Ray 1982:102) performed manually. E f f e c t s  t e s t e d  in 
models included age, sex (except fo r  a n t l e r  a n a l y s e s ) , t rea tm en t ,  and 
study a rea .  Re la t ionsh ips  between mineral content  of  s o i I s  on 
t rea tment a reas  and a n t l e r  t ipTh lne ra l  c o n cen t ra t io n s  of  bucks 
harvested on those a reas  were described using the  GLM procedure. 
Average s p e c i f i c  g rav i ty  and mineral co n cen t ra t io n s  of a n t l e r  t i p s  
from ca p t iv e  and f re e - ran g in g  1.5 -y ea r -o ld  bucks, and cap t ive
3 .5 -y ea r -o ld  and f ree - ran g in g  2 . 5 -yea r-o ld  bucks (adu l t  bucks) were 
compared using the  t - t e s t  procedure (Ray 1982:217-221).
S t a t i s t i c a l  t e s t s  were conducted using the  S t a t i s t i c a l  Analysis 
System program and the  MicroSAS program (SAS I n s t i t u t e  I n c . ,  Cary,
North C aro l in a ) .  The acceptance level  f o r  a Type I e r ro r  was 0.05 for  
a l l  comparisons where p r o b a b i l i t y  va lues  a r e  not r e p o r ted .  All data 




No d i f f e r e n c e  in  average f i n a l  weight ,  weight ga in ,  a n t l e r  
weight,  number of  p o in ts  per  rack ,  a n t l e r  t i p  s p e c i f i c  g r a v i ty ,  a n t l e r  
t i p  water con ten t ,  or concen t ra t ion  of  any mineral in a n t l e r  t i p s  was 
found between feed t rea tm en ts  (Table 7 and Appendix Table 24).
Average s p e c i f i c  g rav i ty  of  a n t l e r  t i p s  was 1.66 ± 0.02. Ullrey 
(1982) repor ted  s p e c i f i c  g r a v i t i e s  ranging from 1.23 -  1.71 of  a n t l e r s  
c o l l e c t e d  from cap t iv e  2 .5 -y e a r -o ld  bucks in  Michigan. He found a 
s i g n i f i c a n t  d i f f e r e n c e  in a n t l e r  s p e c i f i c  g ra v i ty  r e l a t e d  to the Ca 
content  of the  d i e t .  Average a n t l e r  t i p  s p e c i f i c  g ra v i ty  found in 
t h i s  study i s  s im i la r  to t h a t  U l l rey  (1982) repor ted  fo r  bucks fed a 
d i e t  con ta in ing  0.62% Ca and 0.25'/. P, and a l so  to t h a t  of  bucks on a 
d i e t  conta in ing  0.40% Ca and 0.27% P. The con t ro l  d i e t  fed cap t ive  
bucks in  t h i s  study contained a h igher  Ca content  (0.63%) and a lower 
P content (0.20%) than e i t h e r  of the  d i e t s  r epor ted  above. Niether  
d i e t a r y  Ca or P appeared to  l im i t  the  a n t l e r  development of bucks in 
t h i s  s tudy.
Ca and P co ncen t ra t ions  in  a n t l e r  t i p s  averaged 24.876 ± 0.240%
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Table 7. Average <± s . e . )  body weight ,  weight ga in ,  a n t l e r  weight,  
po in t s  per rack ,  and a n t l e r  t i p  s p e c i f i c  g ra v i ty  and composition of 
cap t ive  a du l t  w h i t e - t a i l e d  bucks on 2 feed t rea tm en ts ;  and P ro b a b i l i ty  
> | t |  o f  a d i f f e r e n c e  between t rea tment  means.
Bucks on 3% Bucks on
Rack t rea tment  con t ro l  t rea tment
Variable <n S 15) <n s: 16) P > | t |
Final  weight (kg) 7B.4 + 2 .6 78.8 ± 2 .2 0.9062
Weight gain  <kg) 19.7 + 1.0 19.3 ± 1.2 0.8257
Antler  weight (g) 662.7 ± 54.9 662.0 ± 59.1 0.9593
P oin ts  per rack 8.1 ± 0.3 8 .0 + 0 .2 0.7167
Spec i f ic  g ra v i ty 1.67 ± 0.01 1.65 + 0.03 0.4593
Water content (*/.) 10.06 ± 0.09 10.05 + 0.15 0.9785
Ca U ) 24.995 ± 0.358 24.772 + 0.333 0.6524
PC/.) 11.055 + 0.115 11.018 + 0.102 0.8103
S (ppm) 2195.3 + 22.6 2206.9 + 25.1 0.7382
Mg <ppm) 5034.5 + 107.1 4786.6 + 138.0 0.1773
Na (ppm) 5659.7 + 59.9 5747.3 + 114.8 0.5059
Cu (ppm) 6.455 + 0.195 6.734 + 0.385 0.5239
K (ppm) 373.4 + 31.2 436.8 + 35.5 0.1973
Zn (ppm) 100.73 + 6.57 100.43 + 5.00 0.9715
Co (ppm) 2.170 + 0.125 2.490 + 0.153 0.1255
A1 (ppm) 38.40 ± 2.03 58.06 + 16.07 0.2520
Mn (ppm) 1.690 ± 0.117 2.653 + 0.662 0.1779
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and 11.036 ± 0.075*/., r e s p e c t i v e l y .  Estimated c o n cen t ra t io n s  of  Ca and 
P in  a n t l e r  t i p s  on a dry-ashed b a s i s  were 39.69*/. and 17.61%, 
r e s p e c t iv e ly .
Est imated d a i ly  feed consumption averaged 3.33 ± 0.08 kg per buck 
on the  mineral t rea tment  d i e t  and 3.13 ± 0.06 kg per buck on the 
c on t ro l  d i e t  (Appendix Table 35) ,  and did not d i f f e r  between d i e t  
t rea tm en ts  <P = 0 .8670).  Bucks on the  mineral t reatment  d i e t  consumed 
an es t imated  average 66.9  ± 0.1 g of  mineral product d a i ly  v ia  
p e l l e t e d  feed consumption.
Young Deer
Bucks gained more weight (P -  0.0001) and were heavier  a t  study 
completion (P = 0.0001) than  does (Table 8 and Appendix Table 36) .
Diet  t rea tment  did not a f f e c t  weight ga ins  (P = 0.7091) or f i n a l  
weights (P = 0 .7303).  Average a n t l e r  weight,  number of  p o in t s  per 
rack ,  a n t l e r  t i p  s p e c i f i c  g r a v i ty ,  a n t l e r  t i p  water co n ten t ,  or 
co n cen t ra t io n  of  any mineral in a n t l e r  t i p s  did not d i f f e r  between 
t rea tm en ts  (Table 9 ) .
Rei tz (1981, c i t e d  by Davis and Johnson, 1984) r epo r ted  a 
s i g n i f i c a n t  d i f f e r e n c e  between the  a n t l e r  development of  1 .5 -year -o ld  
bucks fed d i e t s  con ta in ing  0.38-0.40% and 0.16-0.33% P. The con t ro l  
d i e t  used in t h i s  study contained approximately 0.30% P, w i th in  the 
low d i e t a r y  P range repo r ted  above. The trea tment d i e t  used in t h i s  
s tudy conta ined approximately 0.49% P, well above the high d i e t a r y  P 
range repo r ted  by R e i tz .  D if fe rences  in d ie ta ry  co n cen t r a t io n s  of  
minera ls  o ther  than P, as  well  as  chemical form of  m inera ls ,  may have
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Table 0. Average <± s . e . )  weight gains  and f i n a l  weights of male and 
female 1.5-yeai—old w h i t e - t a i l e d  deer on 2 d i e t  t rea tm en ts ,  and 
P r o b a b i l i t y  > | t |  of  a d i f f e r e n c e  between t rea tment  means of  same-sex 
animals.
3 '/. Rack Control
trea tment treatment
Variable <n = 16) <n = IB) Mean* P > | t |
Males
Weight gain  (kg) 46.2 ± 3.1 43.1 ± 1.0 44.5 ± 1.4A 0.3820
Final  weight (kg) 59.3 ± 1.8 58.3  ± 1.3 58.7 ± 1.1a 0.6492
Females
Weight gain  (kg) 33.4 ± 2 .2 34.4 + 0 .9 33.9 ± 1.1B 0.6651
Final  weight (kg) 44.7 ± 1.6
o
•
+1«Hin<r 44 .9  ± 0.9b 0.8397
*Same v a r i a b l e  means followed by d i f f e r e n t  l e t t e r s  a re  s i g n i f i c a n t l y  
d i f f e r e n t  <P < 0 .0 5 ) .
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Table 9.  Average < + s . e . ) a n t l e r  weight ,  p o in ts  per rack ,  and a n t l e r  
t i p  s p e c i f i c  g r a v i ty  and composition of  a n t l e r s  c o l l e c te d  from cap t ive
1.5-yeai—old w h i t e - t a i l e d  bucks on 2 feed t rea tments ;  and P ro b a b i l i ty  
> j t j  o f  a d i f f e r e n c e  between t reatment means.
Bucks on 3’/. Bucks on
Rack trea tment  con tro l  t reatment
Variable (n 7) (n 9) P > | t
Antler  weight (g) 161.1 + 26.4 150.1 + 35.1 0.8161
P oin ts  per rack A.3 + 1.0 5 .0 + 0 .8 0.5796
S p ec i f ic  g ra v i ty 1.61 + 0.07 1.63 + 0.02 0.7965
Water content <%) 10.91 + 0.33 11.31 + 0.12 0.2821
Ca <’/.) 24.236 + 0.622 23.826 + 0.394 0.5706
PU> 10.724 + 0.259 10.856 + 0.127 0.6293
S (ppm) 2166.1 + 64.6 2171.7 + 23.1 0.9380
Mg (ppm) 5124.6 + 190.3 5410.6 + 84.8 0.1593
Na (ppm) 5684.9 + 157.3 5644.6 + 105.9 0.8289
Cu (ppm) 6.125 + 0.173 6.567 + 0.341 0.3087
K (ppm) 658.8 + 58.7 651.3 + 96.7 0.9518
Zn (ppm) 98.83 + 16.06 92.94 + 7.32 0.7234
Co (ppm) 2.362 + 0.206 2.266 + 0.243 0.7699
A1 (ppm) 39.98 ± 3.41 34.30 + 2.96 0.2322
Mn (ppm) 1.260 ± 0.130 1.308 + 0.108 0.7803
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co n t r ibu ted  to the  d i s s im i l a r  f in d in g s  of these  s tu d i e s .
Estimated d a i ly  feed consumption per deer fed  the  t rea tment  d i e t  
averaged 1.08 ± 0.04 kg, and did not d i f f e r  (P = 0.8080) from the 
average 1.09 ± 0.04 kg consumed per deer fed the  con tro l  d i e t  
(Appendix Table 57) .  Estimated d a i ly  supplemental mineral in take  via  
feed consumption by deer on the  trea tment d i e t  averaged 71.4 ± 5 .7  g.
3 .5 -v ea r -o ld  v s .  1 .5 -vea r -o ld  Antler  Tip Composition
Percent  water and concen t ra t ions  of  Ca, Mg, K, and Mn d i f f e r e d  
among a n t l e r  t i p s  from 3 .5 -y ea r -o ld  and 1 .5 -yea r -o ld  c a p t iv e  bucks 
(Table 11). Percent  water was lower in  a n t l e r  t i p s  c o l l e c t e d  from
3.5-yeai—old bucks, r e f l e c t i n g  the  trend reported  by Lloyd e t  a l .  
(1978*554) t h a t ,  in g en e ra l ,  body and bone water content  decreases  
with age. Concentra t ions  of  Ca, Mg, K, and Mn in a n t l e r  t i p s  may have 
d i f f e r e d  due to a g e - re l a t e d  f a c t o r s  or may have r e s u l t e d  from the 
d i f f e r e n t  mineral content  of feed supplied  to 3 .5 -y ea r -o ld  bucks p r io r  
to  study i n i t i a t i o n .  No a g e - re l a t e d  changes in the co n cen t ra t io n s  of  
these  minera ls  were i d e n t i f i e d  in a n t l e r  t i p s  c o l l e c te d  from 
f ree - ra n g in g  bucks (Pages 87-89),  but  the  o ld e s t  f ree - ran g in g  buck 
harves ted  from which a n t l e r s  were c o l l e c t e d  was 5 .5  yea rs  o ld .
Free-rana ino  Deer
Use of  Mineral Licks
Deer on each area  consumed s o i l  around l i c k s  in to  which minera ls
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Table 10. Average <± s . e . )  s p e c i f i c  g r a v i ty  and composition of  a n t l e r  
t i p s  co l l e c te d  from c a p t iv e  3 .5 -y e a r -o ld  and 1.5-yeai—old w h i t e - ta i l e d  
bucks; and P ro b a b i l i ty  > j t |  of a d i f f e r e n c e  between means.
3.5-year—old 1 .5 -year-o ld
bucks bucks
Variable (n 31) (n = 16) P > | t |
Spec i f ic  g rav i ty 1.66 + 0.02 1.61 + 0.03 0.1553
klater content  ('/.) 10.06 + 0.09 11.13 + 0.16 0.0001
Ca <%) 26.876 + 0.260 26.005 + 0.362 0.0393
PC/.) 11.036 + 0.075 10.798 + 0.130 0.0956
S (ppm) 2201.5 + 16.8 2169.2 + 29.9 0.3133
Mg (ppm) A901.7 + 90.7 5285.6 + 99.2 0.0097
Na (ppm) 5706.6 + 66.9 5662.2 + 87.9 0.6898
Cu (ppm) 6.605 + 0.223 6.373 + 0.208 0.6962
K (ppm) 607.6 + 26.2 656.6 + 58.6 0.0009
Zn (ppm) 100.57 + 6.01 cuinin
0* + 7.86 0.5292
Co (ppm) 2.319 + 0.103 2.318 + 0.150 0.9955
Al (ppm) 68.23 + 8.19 37.16 + 2.31 0.2067
Mn (ppm) 2.152 + 0.331 1.286 + 0.081 0.0171
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had leached. Geophagy of  m in e ra l - s a tu ra ted  s o i l  was o f te n  p re fe r red  
over consumption of  pure l ick  m a te r ia l .  No attempt was made to 
q u an t i fy  geophagy or to account fo r  i t s  in f luence  on mineral 
consumption.
Lick mineral consumption averaged 47 .2E ± 5.65 kg per month among 
s tudy a r e a s ,  and va r ied  among months over the s tudy per iod  (Table 11, 
Figure 8 ) .  In a d d i t io n  to the  obvious in f luence  of  deer d e n s i t i e s  on 
mineral consumption, both study area  (P = 0.0003) and month of  the 
study (P = 0.0097) inf luenced mineral consumption, and together  
accounted fo r  64.87'/. o f  consumption v a r i a b i l i t y .  Month of  the  year 
inf luenced l ick  use <P = 0 .0019) (Table 12, Figure  9 ) ,  but year of  the 
study did not <P = 0 .9266) .  R a in fa l l  appeared to in f luence  l ick  use,  
but  a p p ro p r ia te  s t a t i s t i c a l  ana lyses  could not be performed due to a 
s i g n i f i c a n t  r e l a t i o n s h i p  between r a i n f a l l  and month. A study 
conducted over severa l  years  would probably be needed to a p p ro p r ia te ly  
examine the  e f f e c t s  of  r a i n f a l l  on l i c k  use.
Average monthly l ick  use was lowest dur ing winter  and h ighes t  
dur ing f a l l  (Table 12, Figure 10).  Highest l e v e l s  of  mineral 
consumption were expected during spr ing  (Dalke e t  a l .  1965, Dasmann 
1971:54, Hebert and Cowan 1971, Weeks and K irkpa tr ick  1976, Weeks 
1978, Skovlin 1982, Jones and Hanson 1985:18), but average monthly use 
dur ing sp r ing  did not d i f f e r  from th a t  recorded during any o ther  
season. Robbins (1983:42) described an increased sodium a p p e t i t e  in 
f ree - ra n g in g  animals a s so c ia ted  with g e s ta t i o n  and l a c t a t i o n .
W h i te - ta i led  deer reproduc t ion  in the  nor the rn  U.S. (North) i s  h ighly  
synchronous and peak fawning roughly co inc ides  with sp r ing  green-up
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Table 11. Estimated mineral consumption (kg) from a r t i f i c i a l  l i c k s  on 
3 trea tment a reas  in  East F e l i c i a n a  P a r i s h ,  Louis iana,  and average 
(± s . e . )  consumption per a rea ,  from May 190B through December 1989.




May * 9.55 6.20 7.88 ± 1.68
June 9 35.96 40.92 38.44 ± 2.48
July 39.68 27.28 31.00 32.65 ± 3.67
August 8 .66 94.24 23.56 42.16 + 26.39
September 21.08 184.76 69.44 91.76 ± 48.55
October 37.20 140.12 47.12 74.81 ± 32.78
November 22.32 35.96 42.16 33.48 ± 5.86
December 6.20 100.44 8.68 30.44 ± 31.01
1989 January 12.40 22.32 0.00 11.57 ± 6.46
February 0 .00 6.20 3.72 3.31 ± 1.80
March 62.00 17.36 6.20 2B.52 ± 17.05
Apr i 1 119.78 157.48 38.44 105.23 ± 35.13
May 51.34 78.12 12.40 47.29 ± 19.08
June 111.60 112.84 0.00 74.81 ± 37.41
July 90.52 53.32 65.72 69.85 ± 10.94
August 63.24 96.72 35.96 65.31 ± 17.57
September 52.08 94.24 83.08 76.47 ± 12.61
October 44.64 89.28 33.48 55.80 ± 17.05
November 3.72 43.40 3.72 16.95 ± 13.23
December 2.48 35.96 2.48 13.64 ± 11.16
Total 748.96 1435.55 554.28 •
Average * 41.61 A 71.78 A 27.71 B 47.22
s . e . 8.71 11.45 5.64 5.65
*5tudy area means followed by a s im i la r  l e t t e r  a re  not s i g n i f i c a n t l y
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Figure 8. Estimated mineral consumption (kg) on Avondale, Shades, and 
Blairstown, East Feliciana Parish, Louisiana. ON-O
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Table IS. Monthly and seasonal averages  <± s . e . )  of  mineral 
consumption (kg) from a r t i f i c i a l  l i c k s  e s ta b l i s h e d  on 3 a rea s  in  East 
F e l i c i a n a  P a r i sh ,  Louis iana,  c a lc u la t e d  from monthly consumption






March 08.50 + 17.05 ab
Spring Apr i 1 105.03 + 35.13 c 45.10 ± 15.88 AB
May 31.50 + 14.04 ab
June 60.06 + 00.36 ac
Summer July 51.05 + 9.79 abc 53.19 ± 7.90 A
August 53.73 + 15.09 abc
September 84.11 + 00.69 c
F al l October 65.31 ± 17.06 ac 58.01 ± 10.95 A
November 05.01 ± 7.45 ab
December 06.04 ± 15.75 ab
Winter January 11.57 ± 64.56 ab 16.74 ± 8.19 B
February 3.31 ± 1.80 b
^Monthly means followed by a s im i la r  l e t t e r  a re  not s i g n i f i c a n t l y
d i f f e r e n t  (P > 0 .0 5 ) .
g
Seasonal means followed by a s im i la r  l e t t e r  a re  not s i g n i f i c a n t l y  









Figure 9. Average monthly mineral consumption (kg) on 3 study areas 












































Figure 10. Average monthly mineral consumption per season (kg) on 3 study 




(Verme 1969, Klein 1985, Lincoln 1905). Captive w h i te - ta i l e d  deer in 
Louisiana have longer fawning p e r io d s  than those rep o rted  fo r  deer in 
the  North. Peak fawning o f c a p t iv e  deer a t  Ben Hur was m id - to - la te  
June, but b i r t h  d a te s  o f  fawns have ranged from mid-May to 
mid-September. I t  fo llow s th a t  a re p ro d u c t iv e - re la te d  sodium a p p e t i te  
in  deer would occur over a longer period  in Louisiana than in  th e  
North.
Johnson <Dr. M. K. Johnson, p e r s .  commun., P ro fe s so r , School of 
F o re s t ry ,  W ild l i fe ,  and F i s h e r i e s ,  LSUBR, 1990) es tim ated  September 
deer p o pu la tions  on Avondale, Shades, and Blairstown ( r e s p e c t iv e ly )  to 
be about 1 deer per 4 .46 , 3 .85 , and 6 .8 8  ha of h a b i ta t  in  1987; 4 .46 , 
3 .24 , and 5.67 ha o f h a b i t a t  in  1988; and 4 .46 , 2 .84 , and 4 .86 ha of 
h a b i ta t  in  1989. In order to e s tim a te  deer popu la tions  throughout 
th e  study p e r io d ,  I assumed th a t  popu la tion  le v e ls  remained r e l a t i v e ly  
s ta b le  from each census u n t i l  December th a t  year ( the  month when most 
deer were h a rv e s te d ) , then  d ec lined  by th e  number of anim als harvested  
during the  hunting season. M o rta li ty  from o ther f a c to r s  undoubtedly 
occured, but I suspect th a t  i t  was p ro p o r t io n a te ly  s im i la r  among 
a re a s .  Population  e s t im a te s  from December through August rep resen ted  
le v e ls  es tim ated  the  p rev ious  September le s s  animals h a rv es ted .  I 
assumed th a t  fawns born p r io r  to  September censuses had l i t t l e  impact 
on mineral consumption u n t i 1 September. The estim ated  number o f deer 
on Avondale, Shades, and B lairstow n ( re sp e c t iv e ly )  were 56, 58, and 
150 from May 1988 through August 1988; 79, 104, and 139 from September 
1988 through November 1989; 61, 89, and 130 from December 1989 through 
August 1990; 79, 119, and 163 from September 1989 through November
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1989; and 63, 110, and 150 during December 1990.
Estimated mineral consumption averaged 538.0 ± 70.8 g per deer , 
was s im i la r  on Avondale and Shades (P = 0 .7846), and lower on 
B lairstow n than on Avondale <P = 0.0001) or Shades (P = 0 .0 0 0 1 )(Table 
13, F igure 11). Estim ated monthy NaCl in tak e  v ia  l ic k  mineral 
consumption averaged SIS . 6  ± 48.4 g, S63.9 ± 40.8 g, and 64.8 ± 13.0 g 
per deer on Avondale, Shades, and B lairstow n, r e s p e c t iv e ly .  These 
e s tim a te s  were g re a te r  than  the  45.3 g and SS.6  g of NaCl used monthly 
by deer in Arizona during summer and w in te r ,  r e sp e c t iv e ly  (Nichol 
1938:29).
Three former o i l  well d r i l l i n g  s i t e s  a re  loca ted  on B lairstow n on 
or near the study a re a .  S o i l s  on former o i l  well s i t e s  g e n e ra l ly  have 
a h igher than average c o n c en tra t io n  of Na (Jones and Hanson 1985:128). 
NaCl i s  mixed with feed and provided in  block form during w inter as 
p a r t  of the  cow -calf o p e ra t io n  on B lairstow n. I t  i s  probable  th a t  
deer on B lairstow n used t h i s  NaCl, and may a lso  have consumed the  s o i l  
on former NaCl block s i t e s .  The ex te n t  to  which l ic k  use on 
Blairstow n was a f fe c te d  by the  presence o f former o i l  well d r i l l i n g  
s i t e s  or by c a t t l e  p r a c t i c e s  was unknown.
Soil  Mineral E f fe c ts
Mineral co n c e n tra t io n s  d i f f e r e d  among treatm ent a rea  s o i l s  (Table 
14). There was no a s s o c ia t io n  between l ic k  use and s o i l  
c o n cen tra t io n s  of Na (P = 0 .5341), Ca (P = 0 .5539), Mg <P = 0 .3766), 
or s o i l  pH (P = 5049). Lick mineral consumption was p o s i t iv e ly  
a s so c ia te d  with s o i l  P (P = 0.0001) and K (P = 0.0009) c o n c e n tra t io n s .
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Table 13. Estimated average mineral consumption per deer (g) from 
a r t i f i c i a l  l i c k s  on Avondale, Shades, and B lairstow n, East F e l ic ia n a  
P a r is h ,  L ouis iana , from May 19BB through December 1989.
Year Month Avondale Shades Blairstown
198B May a 164.7 41.3
June • 680.0 878.8
Ju ly 708.6 470.3 806.7
August 155.0 1684.8 157.1
September 8 6 6 .8 1776.5 499.6
October 470.9 1347.3 339.0
November 888.5 345.8 303.3
December 1 0 1 .6 1188.5 6 6 .8
19B9 January 803.3 850.8 0 .0
February 0 .0 69.7 8 8 .8
March 1016.4 195.1 47.7
Apr i 1 1963.7 1769.4 895.7
May 841.6 877.8 95.4
June 1889.5 1867.9 0 .0
Ju ly 1483.9 599.1 505.5
August 1036.7 1086.7 876.6
September 659.8 793.9 509.7
October 565.1 758.1 805.4
November 47.1 365.6 8 8 .8
December 39.4 386.9 16.5
Average * 637.9 ± 145.3A 791.6 ± 188.4A 194.5 ± 3 9 . IB
^Monthly averages followed by a s im i la r  l e t t e r  a re  not s ig n i f i c a n t ly














Figure 11. Estimated average mineral consumption per deer (g) on 3 study 
areas in East Feliciana Parish, Louisiana.
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Table 14. Average <± s . e . )  s o i l  con ten t and ch a ra c te r  in p a s tu re ,  
f o r e s t ,  and combined p a s tu re  and f o r e s t  a re a s  o f Avondale (A), Shades 
<S>, and Blairstow n (B), East F e l ic ia n a  P a r ish ,  L ouis iana .
So il  Study
v a r ia b le  area  Pasture* Forest* Combined*
p A 45.5 + 0 .5  AB 19.B ± 2 .8  A 24.1 + 3.7  AB
(ppm) S 54.6 + 14.9 A 22.4 + 1.4 A 35.8 + 7 .6  A
B 17.9 + 1.5 B 15.8 + 1.0 A 17.3 + 1.1 B
Na A 24.5 + 2 .5  A 16.9 + 2 .3  A 18.2 + 2.1 A
(ppm) S 25.2 + 3 .5  A 18.9 + 2.1 A 21.5 + 2 .0  AB
B 30.9 + 5 .4  A 25.5 ± 9 .8  A 29.5 + 4 .6  B
K A 6 6 .0 + 19.0 AB 55.2 + 5.8  A 57.0 + 5.4  A
(ppm) S 74.6 + 17.7 A 74.7 + 7 .0  B 74.7 + 7 .9  A
B 39.1 + 5 .7  B 32.2 + 8 .4  C 37.3 + 4 .7  B
Ca A 216.5 + 62.5 A 271.2 + 37.7 A 262.1 + 32.7 A
(ppm) S 709.8 + 120.4 B 370.0 + 41.7 A 511.6 + 72.8 B
B 485.5 + 45.4 A 224.5 + 96.6 A 415.9 + 50.6 B
Mg A 62.5 ± 15.5 A 100.3 + 13.7 A 94.0 + 12.2 A
(ppm) S 150.4 ± 32.7 A 191.7 + 31.4 B 174.5 + 22.7 B
B 104.5 ± 15.8 A 95.5 + 32.1 A 102 .1 + 13.8 A
A 5.00 ± 0.30 A 4.92 + 0.08 A 4.93 + 0.07 A
pH S 5.60 ± 0.15 A 4.83 + 0.04 A 5.15 ± 0.13 A
B 5.23 ± 0.12 A 4.85 + 0.18 A 5.13 ± 0.11 A
Conduct. A 65.5 ± 15.5 A 51.0 + 5 .7  A 53.4 ± 5 .3  A
(UMHOS) S 83.0 ± 14.3 A 59.9 + 3 .5  A 69.5 ± 6 .B A
B 60.1 ± 4 .7  A 66.5 + 19.3 A 61.8 ± 5 .8  A
S a l t s A 117.5 ± 25.5 A 93.9 + 9.4  A 97.8 ± 8 .8  A
(ppm) S 146.4 ± 23.4 A 108.1 + 5.7  A 124.1 ± 11.2 A
B 108.6 ± 7 .7  A 119.2 ± 31.8 A 111.5 ± 9 .5  A
*Study area  -leans of in d iv id u a l s o i l  v a r ia b le s  w ith in  the  same f o r e s t ,
p a s tu re ,  or combined c l a s s i f i c a t i o n  followed by a s im ila r  l e t t e r  are  
not s ig n i f i c a n t ly  d i f f e r e n t  (P > 0 .0 5 ) .
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I hypothesize  th a t  th e se  a s s o c ia t io n s  r e f l e c t  g re a te r  use of 
l ic k s  loca ted  in  f e r t i l i z e d  p a s tu re s  or food p lo t s .  To t e s t  the  
h y p o th es is ,  a second comparison was made using ind iv idua l l ic k  use 
da ta  and s o i 1 P and K co n c e n tra t io n s  fo r  only those  l ic k s  located  in 
fo re s te d  a re a s .  S o il  K was not a s so c ia te d  (P = 0.2453) with mineral 
consumption from l i c k s  loca ted  in fo re s te d  a re a s .  The a s so c ia t io n  of 
s o i l  K and mineral consumption from a l l  l i c k s  was probably a 
r e f l e c t i o n  of g re a te r  use o f l i c k s  loca ted  in  f e r t i 1 ized p a s tu re s  or 
food p lo t s .  Mineral consumption from 1icks located  in fo re s te d  areas  
was p o s i t iv e ly  a s so c ia te d  (P = 0.0010) with s o i 1 P co n cen tra t io n  
(Table 15). So il  P was not a s so c ia te d  with l ic k  use on B lairstow n (P 
= 0 .5936), but was a s so c ia te d  with l ic k  use on Avondale (P = 0.0257) 
and Shades (P = 0 .0356). When 1icks loca ted  on p a s tu re s  or food p lo ts  
were excluded, s o i 1 P was not a s so c ia te d  with l ick  use on Blairstown 
(P ■ 0.5890) or Shades (P = 0 .1722), but was a s so c ia te d  with l ic k  use 
on Avondale (P = 0 .0377).
A nalysis  c o r r e la t in g  s o i 1 P with l ic k  use on combined d a ta  from 
Avondale and Shades in d ica ted  s trong  a s s o c ia t io n s  fo r  a l l  1icks <P = 
0.0010) and fo r  l i c k s  in  fo re s te d  a re a s  <P = 0 .0045). Data from 
Avondale and Shades were pooled to  develop p re d ic t iv e  models fo r  l ick  
mineral consumption based on s o i 1 P co n c e n tra t io n  fo r  1icks  in  a l l  
a re a s  (F igure 12) and only in  fo re s te d  a re a s  (F igure 13). In te rc e p ts  
in  both models did not d i f f e r  s ig n i f i c a n t l y  from 0 (P = 0.3651 fo r  a l 1 
1ic k s ,  P = 0.4592 fo r  l i c k s  in  fo re s te d  a r e a s ) .
Id e n t ify in g  the  a s s o c ia t io n  between s o i l  P con ten t and l ic k  use 
was e a s ie r  than accounting fo r  i t s  e x is te n c e .  Jones and Hanson
7A
Table 15. A ssoc ia tion  o f  ind iv idua l l ic k  mineral consumption and s o i l  
P con ten t on Avondale, Shades, and B lairstow n; Avondale and Shades 
combined; and a l l  a re a s  combined, fo r  l i c k s  in  p a s tu re s  and f o r e s t s ,  
and fo r  l ic k s  in  fo re s te d  a re a s  on ly . R r e p re s e n ts  P ea rso n 's  
c o r r e la t io n  c o e f f i c i e n t .
Avondale
Land and All
type Value Avondale Shades B lairstow n Shades areas
P as tu re  P > |R| 0.0257 0.0358 0.5963 0.0010 0.0001
and R AO. 68  37.01 2 .25 39.62 A3.21
Fo res t  n 12 12 15 2A 39
F orest P > |R| 0.0377 0.1722 0.5890 0.00A5 0.0010
only R A2.59 3 3 .6 A 16.89 A2.56 AA.31
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Figure 12. Predicted and recorded mineral consumption (kg) from licks in 
all areas of Avondale and Shades, East Feliciana Parish, Louisiana, related 
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Figure 13. Predicted and recorded mineral consumption (kg) from licks in 
forested areas of Avondale and Shades, East Feliciana Parish, Louisiana, 
related to soil P (ppm).
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<1985:188) suggested th a t  the  m inera ls  ungu la tes  sought from n a tu ra l  
l i c k s  were Na and Mg in  e a s te rn  North America and Na and Ca in  western 
North America, but no mention was made of P. Increased l ic k  use on 
s o i l s  con ta in ing  higher co n cen tra t io n s  of P could not be explained by 
s ta t i n g  th a t  deer were simply t ry in g  to compensate fo r  low d ie ta ry  P 
through in g es t io n  o f high P s o i l s .
A p o s s ib le  e x p la in a t io n  fo r  g re a te r  l ic k  use on a reas  with 
h igher s o i l  P con ten t i s  th a t  deer tended to  spend more time in these  
a r e a s .  P la n ts  co n cen tra te  P and some o ther s o i l  m inera ls  (Ozanne 
1980, Underwood 1981:18). Deer on range d e f ic ie n t  in  P would tend to 
s e le c t  food p la n ts  with h igher P co n ten ts  <Verme and U llrey  1984). I 
suspect th a t  1icks  on s o i I s  con ta in ing  higher co n cen tra t io n s  of P had 
g re a te r  use because deer frequented  th ese  a reas  more o f te n  and fo r  
longer periods  of time to  consume the  v eg e ta t io n  on those  a re a s .
Fecal Analysis
Only 8 .8  ± 0.8'/. of a l l  p e l l e t  groups c o l le c te d  contained 
id e n t i f i e d  CSH fragments (Table 16), much lower than ex pec ted .
However, the  p ro p o rtio n  of pel l e t  groups con ta in ing  CSH fragm ents was 
h igh ly  a s so c ia ted  with mineral consumption <R = 0.4634, P > |R| = 
0.0003) and es tim ated  consumption per deer <R = 0.5778, P > |R| = 
0 .0001). The d e te c t io n  r a t e  was too low to  e s t im a te  the  p ro p o rtio n  of 
each a r e a ' 5 deer herd th a t  consumed l ic k  m in e ra l .
The low occurance of CSH fragments in  pel l e t  groups ind ica ted  
th a t  e i th e r  ground CSH was not an e f f e c t iv e  marker fo r  use in  t h i s  
s tudy or th a t  sp ec ie s  o ther than deer consumed l i c k s .  Tracks o f only
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Table 16. The percentage of fe c a l  p e l l e t  groups c o l le c te d  monthly on 
Avondale, Shades, and B lairs tow n, East F e l ic ia n a  P a r ish ,  Louis iana , in 
Mhich cottonseed  h u ll  fragm ents were i d e n t i f i e d ;  and the  estim ated  
mineral consumption per deer <g) a s so c ia te d  with percen tages .
Avondale Shades Blairstown
Month



















May • • 0 109.1 0 53.9
June • • 0 411.0 0 35.6
Ju ly 0 508.3 5 311.8 0 870.0
August 0 109.9 0 1077.0 0 804.9
September 0 8 6 6 .8 10 1776.5 0 499.6
October 0 470.9 0 1347.3 0 339.0
November 0 888.5 0 345.8 0 303.3
December 5 78.5 5 965.8 0 68.4
1989
January 0 157.0 0 814.6 0 0 .0
February 0 0 .0 10 59.6 0 8 6 .8
March SO 784. B 0 166.9 0 44.6
Apr i 1 3 1516.8 15 1514.8 0 876.5
May 0 649.9 5 751.8 0 89.8
June 15 1418.7 18 1085.0 0 0 .0
Ju ly 88 1145.8 5 518.7 8 478.8
August SO 800.5 0 930.0 0 858.7
September 0 659.8 0 793.9 0 509.7
October 0 565.1 0 758.1 0 805.4
November 0 47.1 0 365.6 0 8 8 .8
December 0 31.4 0 308.9 0 15.8
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S animal sp e c ie s  o ther than deer were noted in  th e  immediate v ic in i ty  
o f l ic k s  during the  e n t i r e  study p e r io d ; those  of c a t t l e  and wild 
turkey (M eleaoris ga llopavo) . The presence of wild turkey on a lick  
s i t e  was r a r e  and probably c o in c id e n ta l . I am confiden t th a t  deer 
consumed the  m ajo rity  of l ick  mineral during the  s tudy . CSH was not 
an e f f e c t iv e  marker fo r  e s tim a tin g  the  percentage of deer herds th a t  
used l i c k s .  Seophagy probably c o n tr ib u ted  to  the  low percen tage of 
fe c a l  groups con ta in ing  CSH fragments because l i t t l e  or no in take  of 
CSH re s u l te d  from geophagy.
Morphometric and Physio log ic  B en e fits
A to t a l  o f  219 deer was harvested  from a l l  study a reas  during
both hunting seasons; and 200 leg , 67 a n t l e r ,  and 65 l iv e r  samples 
were c o l le c te d  (Table 17). The m ajo rity  of deer harvested  were young 
animals (< 1 .5 -y ea r-o ld  a g e - c la s s ) ,  but 17 o lder  deer <> 4 .5 -y ea r-o ld  
ag e -c la ss )  were c o l le c te d .  The average age of deer c o l le c te d  on 
treatm ent a reas  (from a g e -c la s s  e s t im a tio n s )  was 2 .3  ± 0 . 1  y ears ,  
s ig n i f i c a n t ly  h igher (P «= 0.0085) than the  average of l .B  ± 0.1 years 
fo r  deer harvested  on c o n tro l  a re a s .  The average age of harvested  
female deer (from a g e -c la s s  e s t im a tio n s )  was g re a te r  (P = 0.0001) than 
th a t  of male deer .
The l iv e  weight of harvested  deer was s ig n i f i c a n t ly  r e la te d  <P =
0.0001) to  a g e -c la ss  (Table 18, F igure 14), but was not r e la te d  to sex
<P = 0 .8692), trea tm ent (P = 0 .9045), or s tudy area  (P = 0 .9952). 
Antler t i p s  contained no e x t r a c ta b le  l i p id s  (Table 19). T issue S, K, 
and A1 c o n cen tra t io n s  were not compared among trea tm en ts  because they
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Table 17. Sex and age c h a r a c t e r i s t i c s  o f deer harvested  on treatm ent 
and c o n tro l  a re a s  during the  198B-99 and 1909-90 hunting seasons; and 
th e  number o f leg ,  a n t l e r ,  and l iv e r  samples c o l le c te d  corresponding 
to  each hunting season and area  type ( trea tm ent or c o n t r o l ) .
Treatment a reas Control areas
Age 1908-B9 1989-90 1988-89 1989-90
C o lle c t io n  c l a s s Sex season season season season
Unknown 0 0 3 7
0 .5 M 1 £ 4 6
F 2 S 4 7
1.5 M 13 30 13 E9
F 7 4 5 7
Deer S .5 M 7 7 1 4
harvested F 4 3 6 5
3 .5 M 5 0 E 0
F 0 6 4 S
>4.5 M 1 0 0 0
F 3 7 4 2
Total 43 61 46 69
Leg
samples
37 57 46 60
A ntler
samples
16 E7 6 18
Liver
samples
0 34 0 31
Table 18. Average (± s . e . )  l iv e  body weight and sample s iz e ;  and average w ater, l i p id ,  
Ca, P, S, Mg, Na, K, Zn, and Mn content of leg bones (and sample s iz e s  of m etacarpals 
and phalanges, r e sp e c t iv e ly )  from 5 a g e -c la ss  c a te g o r ie s  of w h i te - ta i le d  deer harvested  
in East F e l ic ia n a  P a r ish ,  Louisiana, during the  1988-09 and 1989-90 hunting seasons.
Age-class category
V ariable 0 .5 1.5 2 .5 3.5 > 4 .5
Weight (kg) 2 6 .S ± 0 .8  
(24)
45.0 ± 0 .6  
( 1 0 1 )
50.0 ± 1.5 
(32)
56.9 ± 4 .0  
(18)
53.1 + 3.1 
(15)
Water (•/.) 8.75 ± 0.24 
(25,24)
8.24 ± 0.13 
( 102 , 102 )
7.04 ± 0.20 
(33,33)
6.38 ± 0.25 
(18,18)
6.83 ± 0.19 
(17,17)
L ip ids  (*/.) 9.03 ± 0.56 
(25,24)
7.82 ± 0.24 
( 102 , 102 )
9.37 ± 0.49 
(33,33)
9 .10 ± 0.52 
(18,18)
10.09 ± 0.51 
(17,17)
Ca (•/.) 23.46 ± 0.15 
(25,25)
23.75 + 0.08 
(104,102)
24.04 ± 0.14 
(33,33)
24.36 ± 0.21 
(18,18)
24.87 ± 0.18 
(17,17)
P (’/.) 10.42 ± 0.07 
(25,25)
10.43 ± 0.04 
(104,102)
10.49 ± 0.07 
(33,33)
10.56 ± 0.06 
(18,18)
10.70 ± 0.07 
(17,17)
S (ppm) 2529.6 ± 30.1 
(25,25)
2312.0 ± 13.9 
(104,102)
2202.5 ± 18.3 
(33,33)
2189.2 ± 19.7 
(18,18)





Variable 0 .5 1.5 2 .5 3 .5 > 4 .5
Mg (ppm) 44B3.5 ± 5B.2 
(25,25)
4555.7 ± 25.3 
(104,102)
4353.4 ± 45.3 
(33,33)
4222.2 ± 55.5 
(18,18)
4219.7 ± 68.5 
(17,17)
Na (ppm) 5146.6 ± 88.7 
(25,25)
5255.9 ± 43.7 
(104,102)
5359.3 ± 75.4 
(33,33)
5417.7 ± 97.5 
(18,18)
5690.6 ± 103.3 
(17,17)
K (ppm) 804.7 ± 27.4 
(25,25)
557.5 ± 7.7  
(104,102)
491.0 ± 10.4 
(33,33)
396.2 ± 13.5 
(18,18)
415.9 ± 9.4 
(17,17)
Zn (ppm) 87.75 ± 2.03 
(25,24)
76.60 ± 0.86 
(103,101)
75.79 ± 1.27 
(31,33)
77.79 ± 1.83 
(17,17)
77.30 ± 1.50 
(16,17)
Mn (ppm) 1.856 ± 0.087 
(19,22)
1.539 ± 0.036 1.456 ± 0.076 
(8 8 , 8 6 ) (26,27)
1.597 ± 0.105 
(15,18)









Figure 14. Average body weight (kg) by a g e -c la s s  o f deer harvested on
study areas in  East F e lic ia n a  P arish , L ouisiana, during the 1988-89 and
1989-90 hunting seasons. oou>
Table 19. Average <± s . e . )  water co n te n t ,  l i p id  co n te n t ,  s p e c i f ic  
g ra v i ty  (Sp. g r a v i ty ) ,  and mineral co n c e n tra t io n s  in m etacarpa ls ,  
phalanges, a n t l e r  t i p s ,  and l i v e r s  (and number o f samples) from 
w h i te - ta i l e d  deer c o l le c te d  in  East F e l ic ia n a  P a r ish ,  Louis iana, 
during the  1988-89 and 1989-90 hunting seasons.
V ariable M etacarpals Phalanges Antler t i p s L ivers




11.78 ± 0.09 
(67)
67.35 ± 0.56 
(65)
L ip ids  (*/.) 9 .43 ± 0.57 
(197)
7.64 ± 0.51 
(199)
■ •
Sp. Gravity • 1.605 ± 0.015 
(67)
•
Ca1 53.70 ± 0.08 
(500)
54.14 ± 0 .08 
(500)
53.55 ± 0.19 
(67)
154.75 ± 5.90 
(57)
P 1 10.41 ± 0.04 
(500)
10.54 ± 0.03 
(500)
10.50 ± 0.05 
(67)
15181 ± 119 
(65)
S (ppm) 5339.5 ± 15.8 
(500)
5550.5 ± 15.6 
(500)
5564.5 ± 16.7 
(67)
BOOO.O ± 65.9 
(65)
Mg (ppm) 4497.6 ± 58.5 
(500)
4391.3 ± 56.8 
(500)
5641.6 ± 55.1 
(67)
593.4 ± 5 .6  
(65)
Na (ppm) 5553.5 ± 45.4 
(500)
5388.5 ± 45.8 
(500)
4565.9 ± 76.7 
(67)
3003.0 ± 97.5 
(65)
Cu (ppm) 6.939 ± 0.053 
(195)
6.737 ± 0.055 
(193)
6.431 ± 0.087 
(6 6 )
534 .B ± 13.4 
(65)
K (ppm) 549.5 ± 11.8 
(500)
546.5 ± 10.8 
(500)
963.9 ± 49.6 
(67)
15044 ± 106 
(65)
Zn (ppm) 79.64 ± 0.95 
(195)
76.35 ± 0.81 
(195)
70.39 ± 1.75 
(65)
119.07 ± 3.80 
(64)
Co (ppm) 5.881 ± 0.055 5.861 ± 0.050 5.496 + 0.067 •
(1 5 9 ) (1 3 8 ) (4 5 )
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T a b le  19 . c o n tin u e d
V ariab le M etacarpals Phalanges A ntler t i p s L ivers
A1 (ppm) S I . 31 ± 0.69 
(116)
S1.S7 ± 0.81 
(115)
3S.B7 ± 1.64 
(47)
•
Mn (ppm) 1.466 ± 0.036 
(164)
1.675 + 0.044 
( 17S)
89.060 ± 3.113 
(54)
14.84 ± 0.49 
(65)
Fe (ppm) • • • 4 1 7 .IB ± 80.9 
(6 8 )
V. fo r  m etacarpa ls ,  phalanges, and a n t l e r  t i p s ;  ppm fo r  l i v e r s .
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were not l i s t e d  in g re d ie n ts  o f  Rack. C oncentra tions of Fe in  
m etacarpals ,  phalanges, and a n t l e r  t i p s  a re  not rep o rted  because of 
suspected  Fe contam ination during grind ing  using a Standard (Model 3) 
Wiley mi 11. Liver samples ground with a Thomas S c i e n t i f i c  (Model 
S61000) Wiley m ill  were apparen tly  not Fe contam inated, and l iv e r  Fe 
co n c e n tra t io n s  a re  re p o r te d .  C oncentra tions  of Co and A1 in  l i v e r s  
were a t  or near 0 in  a l l  samples.
N either trea tm en t nor study area  a f fe c te d  metacarpal or 
phalangeal w a te r , 1i p i d , or mineral con ten t (Table SO). Lipid and Co 
con ten t was higher in  m etacarpals  from does ( 10.S8 ± 0.48'/. and 3.0S0 ± 
0.077 ppm, r e sp e c t iv e ly )  than from bucks (8.90 ± 0.32'/. and S .791 ± 
0.076 ppm, r e s p e c t iv e ly ) . Metacarpal water con ten t and c o n cen tra t io n s  
o f Zn, S, Mg, Na, Cu, K, and Mn d i f f e r e d  among a g e -c la s se s  (Table 18). 
The a g e -c la s s  o f deer w ith in  a sex c l a s s i f i c a t i o n  influenced 
metacarpal Ca c o n c e n tra t io n .  Phalangeal Zn and Mn co n cen tra t io n s  
d i f f e r e d  between does (80.08 ± 1.38 ppm and 1.553 ± 0.066 ppm, 
r e s p e c t iv e ly )  and bucks <73.94 ± 0.94 ppm and 1.761 ± 0.059 ppm, 
r e s p e c t iv e ly ) .  Deer a g e -c la s s  in fluenced  phalangeal water con ten t and 
c o n c e n tra t io n s  of Ca, P, S, Mg, Na, and K (Table IB ). Phalangeal 
1 ip id  con ten t was in fluenced  by deer a g e -c la s s  w ith in  a sex 
c l a s s i f i c a t i o n .
N either t re a tm e n t , s e x , nor study a rea  influenced any leg bone 
v a r ia b le  measured. Leg bone water con ten t decreased , and l ip id  
con ten t in c reased , as  deer a g e -c la s s  increased  (Table 18, F igure  15). 
These trends  have been rep o rted  fo r  o ther  sp ec ie s  (Lloyd e t  a l .  
1978:38,224; Robbins 19B3:17). Deer a g e -c la s s  in fluenced  leg bone
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Table SO. E f fe c ts  (P > F) of deer sex , deer a g e -c la s s ,  trea tm en t,  and 
study area  on a n t l e r  weight (Ant. w t. ) ,  number o f p o in ts  per rack 
(P o in ts ) ,  a n t le r  t i p  s p e c i f i c  g ra v i ty  (Sp. g r a v . ) ;  and water con ten t,  
l ip id  c o n te n t ,  and co n c e n tra t io n s  of m inera ls  in m etacarpals  (M), 
phalanges (P ), m etacarpals  and phalanges combined (MP), a n t l e r  t ip s  
(A), and l i v e r s  (L) from deer c o l le c te d  in  East F e l ic ia n a  P a r ish ,  
Louis iana, during the  1988-89 and 1989-90 hunting seasons.
E ffec t 1
V ariable Sample Sex Age
s
Treatment Study area
Ant. wt. A a 0 .0 0 0 1 0.6350
P o in ts A • 0 .0 0 0 1 0.7852
Sp. grav. A • 0.1387
Water M 0 .0 0 0 1 0.9124
P 0.0038 0.9572
MP 0 .0 0 0 1 0.8991
A a 0 .0 0 0 1 0.7852
L 0.4304
Lip ids 0.0184 0.4158
P3 0.4193 0.0297 0.9820
MP 0.0065 0.6976
Ca M3 0.9683 0.0090 0.1186
P 0 .0 0 0 1 0.8734
MP 0 .0 0 0 1 0.9089








T a b le  SO. c o n tin u e d
E ffe c t  *
V ariable Sample Sex Age 2Treatment Study area
S M 0 .0 0 0 1 a
P 0 .0 0 0 1 a
MP 0 .0 0 0 1 a
A a a
L 0.0096 a
tig M 0 .0 0 0 1 0.8348
P 0.04S7 0.96S7
MP 0 .0 0 0 1 0.8698
A a 0.6530
L 0.0394 0.5S07
Na M 0.0075 0.9446
P 0.0005 0.8983
MP 0 .0 0 0 1 0.9187
A a 0.0680
L 0.9433





K M 0 .0 0 0 1 a
P 0 .0 0 0 1 a
MP 0 .0 0 0 1 a
A a 0 .0 0 1 0
L a





Co M 0.0358 0.8648
P 0.S359
MP 0.5S70
A . 0 .1 3 S 0
89
T a b le  8 0 . c o n tin u e d
E f f e c t 1
V ariable  Sample Sex
g









L 0 .0 0 0 1 0.1*633
Fe L3 0.3593 0.0481 0.6388
*. re p re se n ts  no e f f e c t  
s ig n i f i c a n t  e f f e c t  <P >
measured; 
0 .0 5 ) .
an empty c e l l  r e p re s e n ts  no
g
Treatment e f f e c t  te s te d  with o ther  e f f e c t s  i f  s ig n i f i c a n t .
'The age e f f e c t  i s  the  e f f e c t  o f  ag e (sex ) ;  the  sex e f f e c t  i s  th a t  






Figure 15. Average water and l ip id  content (%) o f le g  bones from deer
harvested on study areas in  East F elic iana  P arish , L ouisiana, during the
1988-89 and 1989-90 hunting seasons. v Oo
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c o n cen tra tio n s  of Ca, P, S, Mg, Na, K, Zn, and Mn (F igures 16-21). 
Robbins (1983:32) s ta te d  th a t  " the composition of bone v a r ie s  
depending p a r t i c u l a r i l y  on the age of the animal", and Puls  (1988:224) 
repo rted  th a t  bone Zn co n cen tra t io n s  d e c l in e  with increas in g  animal 
age. Estimated co n cen tra t io n s  of Ca, P, and Mg on a dry-ash  b a s is  
averaged 37.8'/., 16.6’/., and 0.72'/., r e s p e c t iv e ly .  Estimated 
c o n cen tra tio n s  of th ese  m inera ls  in phalanges averaged 38.5'/., 16.8'/. 
and 0.70'/., r e s p e c t iv e ly .  Concentrations of these  m inera ls  in 
w h i te - ta i le d  deer leg bones were s im i la r  to those rep o rted  for 
co n cen tra tio n s  in  bones o f o ther  sp ec ie s  (Fontenot and Church 1979; 
Robbins 1983:49).
Antler weight and number of p o in ts  per rack were in fluenced  by 
buck a g e -c la s s .  Treatment did not in f lu en ce  any a n t l e r  v a r ia b le  
measured. A ntler t i p  Ca was a s so c ia te d  with s o i l  Ca (P = 0.0456) 
among treatm ent a re a s .  The re g re s s io n  equation  of p re d ic te d  a n t le r  
t i p  Ca co n cen tra t io n  (ppm) based upon s o i l  Ca (ppm)(Figure 22) was 
A ntler t i p  Ca = 214959 + 4 6 .5 2 (s o i1 Ca).
Antler t i p  K o f bucks on treatm ent a reas  was not a s so c ia ted  with s o i l  
K (P = 0.4163), but was n eg a tiv e ly  a s so c ia te d  with s o i l  Ca (P = 
0 .0101). The re g re s s io n  equation  of p red ic ted  a n t l e r  t i p  K 
co n cen tra tio n  (ppm) based upon s o i l  Ca (ppm)(Figure 23) was 
A ntler t i p  K = 1618.6 -  1.5 6 ( s o i1 Ca).
Excessive d ie ta ry  Ca may reduce the abso rp tion  of o ther  m inerals  
(Puls 1988:47). Other s o i l  m inera ls  in  ad d i t io n  to Ca, or 
in te ra c t io n s  among m inera ls ,  may have c o n tr ib u ted  to d i f f e r e n t  a n t le r  




















Figure 16. Average Ca (%) in  le g  bones from deer harvested on study areas
in  East F e lic ia n a  P arish , L ouisiana, during the 1988-89 and 1989-90







Figure 17. Average P (%) in  le g  bones from deer harvested on study areas in











Sodium Magnesium Sill Sulphur
Figure 18. Average concen trations (ppt) of Na, Mg, and S in le g  bones from
deer harvested on study areas in  East F e lic ia n a  P arish , Louisiana, during the















Figure 19. Average Mn (ppm) in  le g  bones from deer harvested on study areas




















Figure 20. Average K (ppm) in  le g  bones from deer harvested on study areas
in  East F e lic ia n a  P arish , L ouisiana, during the 1988-89 and 1989-90 hunting















Figure 21. Average Zn (ppm) in  le g  bones from deer harvested on study areas
in  East F e lic ia n a  P arish , L ouisiana, during the 1988-89 and 1989-90 hunting
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Figure 22. Predicted Ca (ppm) in antler tips from deer harvested on Avondale,
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Figure 23. Predicted K (ppm) in antler tips from deer harvested on Avondale, 
Shades, and Blairstown in East Feliciana Parish, Louisiana, related to soil 
Ca (ppm).
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No a n t l e r s  were c o l l e c te d  from the  7 f ree - ran g in g  3 .5 -y ea r -o ld  
bucks harvested  fo r  t h i s  s tudy.  S p ec i f ic  g ra v i ty  and concen t ra t ions  
of Cu and Co did not d i f f e r  between a n t l e r  t i p s  c o l l e c te d  from cap t ive  
and f ree - ran g in g  bucks (Table 31).  S and K c oncen t ra t ions  were lower 
in a n t l e r  t i p s  c o l l e c te d  from cap t iv e  than from f ree - rang ing
1 .5 -year -o ld  bucks, but no d i f f e r e n c e s  in concen t ra t ions  were found 
between adu l t  bucks. A1 concen t ra t ion  was g rea te r  in a n t l e r  t i p s  
c o l l e c te d  from 3 . 5-year—old cap t ive  bucks than those c o l l e c te d  from
3 .5 -y e a r -o ld  f ree - ran g in g  bucks, but no d i f f e r e n c e  was found between
1 .5 -yea r -o ld  bucks. Both groups of c ap t iv e  deer had higher  
c oncen t ra t ions  of  Ca, P, Na, and Zn in a n t l e r  t i p s  than did 
f ree - ra n g in g  bucks. Antler  t i p  water content  and c o n cen t ra t io n s  of  Mg 
and Mn were lower fo r  both groups of c a p t iv e  bucks than for  
f ree - ran g in g  bucks.
Based on co n cen t ra t io n s  of  minerals  in  a n t l e r  t i p s ,  I be l iev e  
the d i e t s  of c ap t iv e  bucks poss ib ly  contained  higher  concen t ra t ions  of 
Ca, P, Na, and Zn than did those of  f ree - r an g in g  bucks. Increased 
in take  of these  minera ls  may have reduced the absorp t ion  of d ie t a ry  
Mg, K, and Mn. Hyvarinen e t  a l .  (1977) repor ted  9 .3  ppm Mn in the  
a n t l e r s  of red deer (C. e lap h u s ) , above l e v e l s  found fo r  c a p t iv e  deer 
and below le v e l s  found fo r  f ree - ran g in g  deer in  t h i s  s tudy.  Antler 
t i p s  from a l l  bucks averaged 33.75 ± 0.15'/. Ca and 10.60 ± 0.05*/. P on a 
dry-weight wet-ashed b a s i s .  Estimated dry-ash concen t ra t ions  of Ca 
and P were approximately 37.90% and 17.0A%, r e s p e c t iv e ly .  Robbins 
(1983:33) repo r ted  Ca and P to comprise about 33% and 11% of  cervid  
a n t l e r ,  r e s p e c t iv e ly .  Ul lrey  (1983) found w h i t e - t a i l e d  deer a n t l e r
101
Table 21. Average <± s . e . ) s p e c i f i c  g r a v i ty  (Sp. g r a v . ) ,  water 
co n ten t ,  and mineral c oncen t ra t ions  of  a n t l e r  t i p s  c o l l e c te d  from
1.5-year  old and ad u l t  <3.5-year-o ld  and 2 .5 -y ea r -o ld )  c ap t iv e  and 
f ree - ran g in g  bucks.
j A d u l t1
1.5 -y ea r -o ld
-----------------------------------------------  3 . 5 -year-o ld  2 . 5 -yea r-o ld
Variable  Capt ive Free-ranging Captive Free-ranging
Sp. grav. 1.61 + 0.03A 1.60 + O.OBA 1.66 + 0.02C 1.60 + 0.04C
Water ('/.) 11.13 + 0.16A 11.75 + 0.11B 10.06 + 0.09C 11.97 + 0.B1D
Ca i%) 24.01 + 0.34A 23.13 + 0.20B 24.88 ± 0.B4C 23.56 + 0.61D
P (X) 10.BO + 0.13A 10.47 + 0.06B 11.04 + 0.08C 10.67 + 0.120
S (ppm) 2169.2 + 29 .9A 2260.9 + 18.4B 2201.5 + 16.BC 2255.9 + 35 .5C
Mg (ppm) 5285.4 + 99 .2A 5624.9 + 5 6 .9B 4901.7 + 90 .7C 5700.7 ± 119.5D
Na (ppm) 5662.2 + 8 7 .9A 4631.4 ± B5.4B 5706.6 + 66 .9C 4252.2 + 190.3D
Cu (ppm) 6.37 + 0.21A 6.44 + 0.10A 6.61 ± 0.22C 6.49 + 0.B1C
K (ppm) 654.6 + 5 8 .4A 1009.3 + 5 1 .4B 407.4 ± 2 4 .2C 765.4 ± 167.BC
Zn (ppm) 95.52 + 7.86A 70.16 + B.OOB 100.57 ± 4.01C 74.99 + 3.06D
Co (ppm) 2.32 + 0.15A 2.49 + O.OBA 2.32 ± 0.10C 2.61 + 0.10C
A1 (ppm) 37.14 + 2.31A 33.12 + 1.9BA 48.23 ± 8.19C 29.66 + 1.56D
Mn (ppm) 1.29 + O.OBA 27.25 + 3.44B 2.15 ± 0.33C 33.54 + 7.25D
^ame v a r i a b le  means w i th in  an age d iv i s io n  followed by the  same 
l e t t e r  a re  not s i g n i f i c a n t l y  d i f f e r e n t  (P > 0 .05 ) .
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ash to  con ta in  AO.O -  A1.1V, Ca and IB.3 -  IB.6’/. P. Antler  t i p  Ca and 
P con ten ts  were s im i la r  to  l e v e l s  repo r ted  by Robbins (1983:33),  but 
es timated  dry-ash Ca and P were below le v e l s  found by Ullrey (1982). 
Dry-ash e s t im a te s  of  Ca and P were dependant upon a conversion f a c to r  
ca lc u la ted  from a group of  "unknowns" t h a t  contained only 2 a n t l e r  
t i p s ,  and may not have been completely accu ra te  for  use in es t im at ing  
dry-ash a n t l e r  t i p  mineral c o n cen t ra t io n s .
Neither  t rea tment  nor study area  inf luenced any l i v e r  composition 
v a r i a b le  measured (Table 20) .  The sex of  deer a f fec ted  l iv e r  
concen t ra t ions  of  P, S, Mg, and Mn (Table 22) .  The age of deer within  
a sex c l a s s i f i c a t i o n  influenced l i v e r  Fe concen t ra t ion ,  but n e i th e r  
age nor sex was i n f l u e n t i a l  in d iv id u a l ly .  Mineral l e v e l s  in deer 
l i v e r s  were converted to wet-weight values  or mg/g dry weight values 
and compared to  va lues  repor ted  by Puls  (198B) fo r  c a t t l e  and sheep 
l i v e r s  (Table 23) .  Concentra t ions  of  a l l  minera ls  in deer l i v e r s  f e l l  
wi th in  or above c a t t l e  and sheep l i v e r  mineral concen t ra t ions  th a t  
r e f l e c t  adequate d i e t a r y  in take  or normal values  (Puls  19BB). No 
comparisons of S co n cen t ra t io n s  were made because Puls (1988) found no 
reported  t i s s u e  5 l ev e l s  fo r  any animal spec ies .
Cost Analysis
Mineral used in t h i s  study was donated by V.M.S., I n c . ,  of 
Montgomery, Alabama. Approximate r e t a i l  cos t  in October 1990 was 
$12.50 per 25 lb <11.32 kg) bag of  granula ted  Rack and $6.50 per 25 lb 
(11.32 kg) Rack b lock.  The average monthly mineral consumption from 
ind iv idua l  l i c k s  over the  study per iod was 3.37 kg. Each l i c k  took
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Table 22. Average (± s . e . )  water content  and c oncen t ra t ions  of Ca, P, 
S, Mg, Na, Cu, K, Zn and Mn in l i v e r  samples c o l l e c te d  from male and 
female w h i t e - t a i l e d  deer in East F e l ic ia n a  P a r i sh ,  Louis iana,  during 
the  19B0-B9 and 1989-90 hunting seasons.
Variable  Males1 Females1
Water (%) 67.76 + 0.43 A 66.91 + 0.28 A
Ca (ppm) 127.63 + 4.52 A 121.46 + 3.49 A
P (ppm) 12479.1 + 181.9 A 11835.7 + 132.6 B
S (ppm) 7035.B + 89.1 A 8177.5 + 91.1 B
Mg (ppm) 603.5 + 7 .2  A 580.5 ± 8.4 B
Na (ppm) 3113.2 + 143.7 A 2901.1 ± 130.9 A
Cu (ppm) 236.8 + 18.6 A 231.0 ± 20.1 A
K (ppm) 12055.8 + 158.0 A 11996.2 ± 141.0 A
Zn (ppm) 116.2 + 6.2  A 122.2 ± 4.4 A
Mn (ppm) 12.3 + 0 .5  A 16.0 ± 0.6  B
^ame v a r i a b le  means followed by the same l e t t e r  a re  not s i g n i f i c a n t l y  
d i f f e r e n t  (P > 0 .0 5 ) .
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Table 23. Estimated average mineral concen t ra t ions  in l i v e r s  c o l l e c te d  
from w h i t e - t a i l e d  deer in East F e l i c i a n a  P a r i sh ,  Louis iana,  during the 
198B-B9 and 1989-90 hunt ing seasons and mineral concen t ra t ions  
repo r ted  in c a t t l e  and sheep l i v e r s  by Puls (1988) r e f l e c t i n g  normal 
va lues  or an adequate d i e t a r y  supply.
Mineral
W h i te - ta i led  
deer C a t t l e Sheep
Ca (ppm)* 41.6 30 -  200 38 -  80
P (mg/g dry w t . ) 12 6 - 1 4 7 - 1 4
Zn (ppm) 39.7 25 -  100 30 -  75
Fe (ppm) 139 45 -  300 30 -  300
Mg (ppm) 197.8 100 -  250 118 -  200
Na (ppm) 1001 900 -  1800 a
Cu (ppm) 78.3 25 -  100 25 -  100
K (ppm) 4015 2000 -  4000 a
Mn (ppm) 4.75 2 .5  -  6 .0 2 .0  -  4.4
*A11 ppm values  a r e  on a wet-weight b a s i s .
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approximately 0.33 person-hours  to e s t a b l i s h  and 0.17 person-hours  to 
recharge  monthly, ex c lu s iv e  of  t r a v e l  t ime.  Based on these  values  and 
a labor co s t  of  $5.00 per person-hour,  1 l i ck  would cos t  approximately 
$20.65 to  e s t a b l i s h  and $4.56 to recharge monthly (exc lus ive  of  
t r a v e l - r e l a t e d  expenses) .  The den s i ty  of 1 l i ck  per an average 39.7 
ha in t h i s  study appeared s u f f i c i e n t  to allow f r e e - a c c e s s  to l i c k s  by 
deer on s tudy a r e a s .  I b e l ie v e  t h a t  a d en s i ty  o f  a t  l e a s t  1 l ick  per 
40 ha would be s u f f i c i e n t  fo r  mineral supplementation of  deer in 
s im i l a r  h a b i t a t s .
SUMMARY AND CONCLUSIONS
Average weight ga in ,  f i n a l  s tudy weight ,  a n t l e r  development, and 
a n t l e r  t i p  content  of c a p t iv e  3 .5 -y e a r -o ld  bucks did not  d i f f e r  
between those fed a r a t i o n  con ta in ing  3 '/. supplemental mineral mixture 
and those fed a r a t i o n  s im i la r  in  a l l  r e s p e c t s  except  fo r  the  minera ls  
(other  than Na and Cl) supplied  by the  mixture .  These same r a t io n s  
did not a f f e c t  the weight gain  or f i n a l  study weight of cap t iv e
1 .5 -yea r -o ld  deer ,  nor did i t  a f f e c t  a n t l e r  development or a n t l e r  t i p  
content  of  1 .5 -year-o ld  bucks.
Mineral consumption from a r t i f i c i a l  l i c k s  e s ta b l i s h e d  on 3 study 
a reas  var ied  among months, study a re a s ,  and seasons.  Consumption of 
mineral was g re a te r  from l i c k s  on s o i l s  with higher  c oncen t ra t ions  of 
P, but no conclusive  e x p la in a t io n  fo r  t h i s  r e l a t i o n s h i p  was 
i d e n t i f i e d .  Although the  percent  of f e c a l  p e l l e t  groups c o l l e c te d  
monthly on each area  t h a t  contained CSH marker was a s so c ia ted  with 
l ick  use,  the  low occurance of CSH fragments in p e l l e t  groups 
ind ica ted  th a t  CSH was an i n e f f e c t i v e  marker as  used in t h i s  s tudy.
Despi te r e l a t i v e l y  high l e v e l s  of  mineral consumption on 
t rea tment a re a s ,  no v a r i a b l e  measured on deer harvested  from these 
a rea s  d i f f e r e d  from those  of  s im i la r  deer harvested  on con tro l  a rea s .  
Concentrat ions  of ind iv idua l  minerals  in leg bones (metacarpals  and 
phalanges) d i f f e r e d  due p r im ar i ly  to the  ag e -c la s s  of deer ,  and in
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l i v e r s  due p r im ar i ly  to the  sex of dee r .  Concentra t ions  of  Ca and P 
in leg bones and a n t l e r  t i p s  were s im i la r  to values  repo r ted  fo r  other  
spec ies  and fo r  deer ,  r e s p e c t iv e ly .  Concentra t ions  of  a l l  minerals  in 
deer l i v e r s  were s im i la r  to  l e v e l s  normally found in c a t t l e  and sheep 
l i v e r s ,  or to  l e v e l s  r e f l e c t i n g  adeqaute d i e t a r y  mineral in take  for  
c a t t l e  and sheep. The Ca and K c o ncen t ra t ions  in a n t l e r  t i p s  
c o l l e c te d  from bucks on trea tment a reas  were p o s i t i v e l y  and 
n eg a t ive ly  a s so c ia t e d ,  r e s p e c t iv e ly ,  with s o i l  Ca concen t ra t ion .
Based on the  v a r i a b l e s  measured in t h i s  s tudy,  no e f f e c t s  
r e s u l t e d  from mineral supplementation of deer d i e t s  v ia  ad d i t io n  to 
p e l l e t e d  feed fo r  c ap t iv e  deer or a r t i f i c i a l  l i ck  consumption for  
f ree - rang ing  deer .  Based on mineral c o s t s  in October 1990 and 
following the procedures used in  t h i s  s tudy ,  1 l ick  would cos t  
approximately $20.65 to e s t a b l i s h  and $4.56 to recharge monthly 
(exc lus ive  of  t r a v e l - r e l a t e d  expenses) .  The p r a c t i c e  of supplying 
mineral supplement mixtures  fo r  deer in s o u th -c e n t r a l  Louis iana,  and 
perhaps elsewhere,  fo r  the  purpose of enhancing deer body growth or 
a n t l e r  development appears  u n j u s t i f i e d  from a p r a c t i c a l  s tandpo in t .  
A t t r a c t in g  deer to an area  by supplying NaCl in block or granula ted 
form appears to be a more c o s t - e f f e c t i v e  method than supplying mineral 
mixtures ,  for  the  NaCl in mineral mixtures  func t ions  as  the 
a t t r a c t a n t .
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APPENDIX
Table 24. Feed t rea tment;  body weight (kg) in September or October 1987, 11 and 12 
April 1988 ( i n i t i a l  study weight) ,  and in September or October 1988 ( f i n a l  study 
weight) ;  study weight gain  (kg); and a n t l e r  weight <g) in 1987, and a n t l e r  weight (g) 
and p o in t s  per rack (po in ts )  in 1988 of cap t ive  w h i t e - ta i l e d  bucks born in 1986 a t  Ben 





t r t .
Weight 
Sep. /Oct.  
1987 
(kg)























646 C 65.7 63.0 82.4 19.5 229.6 930.1 9
306 C 58.9 56.2 78.8 22.8 166.6 613.8 8
356 C 52.1 58.4 86.1 27.6 71.4 560.6 8
617 c 45.3 53.9 73.8 19.9 65.6 611.4 8
387 c 53.0 51.2 62.5 11.3 174.5 465.4 9
311 c 58.9 59.3 71.6 12.2 265.1 772.5 8
633 c 53.9 54.8 75.2 20.4 147.8 501.7 B
390 c 60.7 62.5 83.8 21.3 120.1 655.9 7
672 c 53.0 52.1 71.1 19.0 131.0 1012.2 8
626 c 50.3 50.7 70.2 19.5 104.3 509.2 9
308 c 61.2 68.0 85.6 17.7 8 .5 390.5 6
376 c 61.6 66.6 89.7 23.1 97.6 600.1 7
658 c 56.6 60.7 77.0 16.3 273.3 872.9 10
649 c 74.7 74.7 96.9 22.2 142.7 867.5 8
609 c 57.1 59.8 82.4 22.6 350.4 1446.6 8
673 c 55.7 53.5 72.9 19.5 235.9 596.9 B
Mean** 5 7 .4A 59. IB 78 .8C 19.7D 161.5E 713.OF 8.0G
s . e . 1.7 1.7 2 .2 1.0 22.4 66.2 0.2





t r t .
Weight 
Sep . /O ct . 
1987 
(kg)























651 R 56.5 58.0 71.6 13.6 135.0 395.6 8
650 R 65.5 61.6 83.8 55.5 • 195.0 745.5 9
655 R 49.8 55.5 74.3 51.7 565.5 1053.5 8
641 R 65.5 64.8 89.5 54.5 549.9 955.8 8
635 R 48.5 50.3 69.3 19.0 114.1 419.5 8
655 R 58.4 59.3 74 .7 15.4 85.8 511.4 8
637 R 60.5 68.4 89.7 51.3 404.4 1059.7 10
389 R 49.8 51.6 63.9 15.5 44.3 1039.3 10
301 R 57.5 58.4 73.4 14.9 88.5 763.1 7
365 R 50.7 64.3 84.7 50.4 156.3 861.1 10
636 R 68.0 69.3 99.7 30.4 115.0 614.3 8
379 R 53.0 60.5 80.5 19.9 136.0 710.0 8
638 R 50.7 53.0 69.3 16.3 185.5 575.7 9
310 R 64.3 63.0 83.4 50.4 149.6 759.4 7
309 R 45.3 50.7 68.4 17.7 16.5 366.3 8
Mean** 55. BA 59. OB 78 .4C 19.3D 155.5E 717.6F B.1G
s . e . 1.7 1.6 5.6 1.5 54.9 60.7 0 .3
^Control d i e t  = C, 3 '/. Rack d i e t  = R.
h e i g h t  gains  may not be equal to ( f i n a l  -  i n i t i a l )  weights due to rounding of va lues .
1'Jumber of  a n t l e r  p o in t s  > S .54 cm.
Variable means followed by the  same l e t t e r  a re  not s ig n i f i c a n t l y  d i f f e r e n t  (P > 0 .05 ) .
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Table 25. Est imated average d a i ly  p e l l e t e d  feed consumption (kg) per 
ad u l t  buck on a con t ro l  d i e t  and on a Rack trea tment  d i e t ;  and 
es t imated  average d a i ly  Rack mineral consumption <g) per buck on the 
trea tment  d i e t  con ta in ing  3*/. Rack mineral from 27 April  1988 through 
26 August 1988 a t  Ben Hur Biological  Research Area, East Baton Rouge 




Control d i e t 3*/. Rack t rea tment  d i e t












^/27 -  5/6 1.92 1.86 55.9
5 /6  -  5/13 2.25 1.99 59.8
5/13 -  5/20 2.31 1.93 57.8
5/20 -  5/27 2.43 2.51 75.3
5/27 -  6/3 2.62 2.44 73.3
6/3  -  6/10 2.66 2.15 64.5
6/10 -  6/17 2.32 2.08 62.4
6/17 -  6/24 2.52 2.51 75.2
6/24 -  7/1 2.38 2.36 70.9
7/1 -  7/8 2.48 2.33 69.9
7/8  -  7/15 2.14 1.92 57.5
7/15 -  7/22 2.42 2.07 62.2
7/22 -  7/29 2.27 1.93 57.8
7/29 -  8/5 1.68 1.91 57.4
8/5  -  8/12 1.83 2.01 60.3
8/12 -  8/19 1.74 1.89 56.8
8/19 -  8/26 1.73 1.95 58.6
Mean ± s . e . 2.22 ± 0.08 2.11 ± 0.06 63.3 ± 1.7
^Average consumption per buck es t im ated  us ing the  t o t a l  amount of feed
consumed in  a d i e t  paddock during over a weekly per iod  divided by the 
number of  bucks, divided by the  number of  days.
^Rack consumption es t im ated  from es timated  average d a i ly  Rack feed 
consumption per buck m u l t ip l ie d  by 30 (lOOOg x 0 .03 ) .
Table 26. Feed t reatment;  sex; b i r t h  date  <day-of-year: d . o . y . ) ;  body weight (kg) a t  
r e l e a s e  onto treatment ( r e l e a s e  weight) 1988, and in September or October 1989 ( f i n a l  
study weight) ;  study weight gain (kg); and a n t l e r  weight (g) and p o in ts  per rack 
(po in ts )  in 1989 of  cap t ive  w h i t e - ta i l e d  deer born in 1988 a t  Ben Hur Biological 





t r t . Sex
Bir th  
date  



















151 C F 145 11.3 47.8 36.3
154 C F 149 5.4 41.0 35.6
158 C F 150 9.1 42.4 34.2
160 C F 162 8.6 46.3 27.7
169 C F 172 9.5 43.7 34.2
173 C F 195 11.8 48.7 36.9
178 C F 220 13.6 42.0 29.4
179 C F 220 11.8 43.3 31.5
181 C F ■ 15.9 49.6 33.7
Mean 177.3 10.7 43.1 34.4
s . e . 10.8 1.0 1.0 0.9
102 c M 150 9.1 50.7 41.7 103.9 6
112 c M 166 . 61.6 » 173.7 6
126 c M • 10.0 56.2 46.2 6.9 2
118 c M • 16.8 61.8 44.8 140.6 4
121 c M • 15.4 60.2 44.8 304.2 6
124 c M 210 18.6 60.7 42.1 231.3 7
132 c M 229 15.9 60.2 44.4 57.5 2
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t r t . Sex
Bir th  
date  








123 C M 219 15.A 53.0
135 C M 239 16.8 60.2
Mean 203.5 1A.7 5B.3
5 * B ■ 1A.9 1.2 1.3
153 R F 1A8 10.0 A6.9
155 R F 1A9 8.2 A1.0
161 R F 16A 8.2 52.8
166 R F 167 11.8 A3.7
168 R F 172 9.5 A1.0
172 R F 186 10.0 5 1 .A
177 R F • 16.3 AA.6
180 R F 219 15.9 AO.8
182 R F • 12.2 AO. 1
Mean 172.1 11.3 AA.7
s . e . 9 .3 1.0 1.6
101 R M 1A8 10.0 59.8
116 R M a 12.2 60.2
108 R M 162 12.7 56.2
106 R M 161 10.9 68.9
120 R M 203 20 .A 56.2
136 R M a a 5A.1
Study Antler
weight weight Poin ts
gain 1989 1989
(kg) (g) (n)
37.6 55 .A 3
A3.5 280.3 9
A3.1 150.1 5.0
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t r t . Sex
Bir th  
date  



















150 R M • 17.7 59 .B <♦5.1 170.6 6
Mean 16B.5 i<*.0 59.3 <*6.5 161.1 <*.3
s . e . 11.9 1.7 1.8 3.1 56.<* 1.0
^Control d i e t  = C, 3% Rack d i e t  = R.
h e i g h t  ga ins  may not be equal to ( f in a l  -  i n i t i a l )  weights due to rounding of  va lues .  
Clumber of a n t l e r  p o in ts  > E.5<* cm.
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Table 27. Estimated average d a i ly  p e l l e t e d  feed consumption (kg) per 
deer born in 1988 on a con t ro l  d i e t  and on a Rack t reatment  d i e t ;  and 
es timated  average d a i ly  Rack mineral consumption <g) per deer on the 
trea tment d i e t  con ta in ing  3*/. Rack mineral from 9 December 1988 through 
25 August 1989 a t  Ben Hur B io log ica l  Research Area, East Baton Rouge 
P a r i sh ,  Louis iana.












Estimated d a i ly  
Rack consumption 
per deer
12/9 -  12/16 0.76 0.73 22.0
12/16 -  12/23 1.16 1.19 35.7
12/23 -  12/30 1.14 1.30 39.1
12/30 -  1/6 1.29 1.32 39.5
1/6 -  1/13 1.12 1.13 34.0
1/13 -  1/20 1.19 1.21 36.6
1/20 -  1/27 1.01 1.11 33.3
1/27 -  2/3 1.06 1.03 30.8
2/3 -  2/10 0.98 1.08 32.3
2/10 -  2/17 0.96 0.95 28.5
2/17 -  2/24 0.89 0.87 26.2
2/24 -  3/3 0.94 0.93 28.0
3/3 -  3/10 0.92 0.92 27.7
3/10 -  3/17 0.91 0.85 25.4
3/17 -  3/24 0.93 0.93 28.0
3/24 -  3/31 1.08 1.03 31.0
3/31 -  4/7 0.93 0.97 29.1
4/7 -  4/14 0.99 1.00 30.0
4/14 -  4/21 1.15 1.27 38.2
4/21 -  4/28 1.05 1.10 33.0
4/28 -  5/5 1.11 1.25 37.6
5/5 -  5/12 1.15 1.36 40.9
5/12 -  5/19 1.10 1.12 33.7
5/19 -  5/26 1.13 0.86 25.8
5/26 -  6/2 1.03 0.71 21.2
6/2 -  6/9 1.09 0.52 15.6
6/9 -  6/16 0.72 0.70 20.9
6/16 -  6/23 0.85 0.66 19.7
6/23 -  6/30 1.06 1.05 31.4
6/30 -  7/7 0.82 0.93 28.0
7/7 -  7/14 1.25 1.32 39.5
7/14 -  7/21 1.22 1.36 40.9
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Control d i e t 3 '/. Rack trea tment d i e t












7/21 -  7/28 1.32 1.38 41.3
7/28 -  8/4 1.78 1.45 43.6
B/4 -  8/11 1.41 1.40 42.1
B / l l  -  8/18 1.27 1.36 40.9
8 / IB -  8/25 1.62 1.49 44.7
Mean ± s . e . 1.09 ± 0.04 1.08 ± 0.04 32.3 ± 1.2
^Average consumption per deer es t imated  us ing the  t o t a l  amount of  feed
consumed in a d i e t  paddock during over a Meekly period divided by the 
number of dee r ,  d ivided by the  number of days.
^lack consumption es t imated  from es t imated  average d a i ly  Rack feed 
consumption per deer m u l t ip l ie d  by 30 <lOOOg x 0 .03 ) .
VITA
Stephen R. Schul tz was born on 26 August 1960 a t  For t  Benning, 
Georgia.  He a t tended publ ic  schools  in many lo ca t io n s  and graduated 
from Lawrence Central High School,  Ind ianapo l is ,  Indiana,  in June 
1978.
He received an Associa te  of  Arts degree from Gulf Coast Community 
College,  Panama City ,  F lo r id a ,  in May 1980; and a Bachelor of Science 
degree in B iologica l  Education from the Univers i ty  of  F lo r id a ,  
G a in e sv i l l e ,  in April  1983. He taught  high school sc ience  in Marion 
County, F lo r id a ,  from August 1983 through August 1985.
In August 1983 he married Melissa Marie Skaff of  J ack so n v i l l e ,  
F lo r id a .  They have 2 c h i ld re n ;  Amy Elizabeth  born 10 Ju ly  1987, and 
Chris topher  Redmore born 12 April  1989.
Stephen entered  the Graduate School a t  Louis iana S ta te  Univers i ty  
in August 1985, and was awarded a Master of Science degree in W ild l i fe  
Management in May 1987. He served as Research Associa te  a t  Louis iana 
S ta te  U n ivers i ty  from May through December 1987. In January 1988 he 
en tered  the  Graduate School a t  Louisiana S ta t e  Univers i ty  and i s  now a 
candida te  for  the Doctor of  Philosophy degree in Wi l d l i f e  and 
F i s h e r i e s  Science.
128
DOCTORAL EXAMINATION AND DISSERTATION REPORT
Candidate: Stephen Redmore Schultz
Major Field: Wildlife and Fisheries Science
Title of Dissertation: Effects of Artificial Mineral Licks on White-tailed Deer
Approved:
Majw£--Professor and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
ii
Date of Examination:
26 November 1990
